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Magnetically Striped Loops 
for Lip-Synchronizing Production 


By GEORGE LEWIN 


A new system for lip synchronizing has been designed by the Signal Corps 
Pictorial Center, using a magnetic stripe on the composite print from which 
the individual loops are made. This permits immediate synchronous play- 
backs with any length of loop, so that corrections can be made on the spot. 
The need for subsequent editing is thereby reduced or may be eliminated 
entirely. By reassembling the recorded loops into a complete reel, it is possible 


to eliminate all photographic raw stock and processing except for the final ie . 
release negative, thereby achieving great economies in film consumption and : 
editorial costs. Furthermore, since the projector becomes a recording ma- * 
chine as well, the regular recording equipment is released for other work. : 
A: THE May 1951 Convention of this and 40 ft. All shorter loops are built ae 
Society, the author presented a paper on up to 25 ft by adding leader, and all $1 


various innovations in the use of magnetic loops above this length are built up to 
recording for motion-picture production.' 40 ft. In this way it is possible to achieve 
One of the systems described as being practically continuous operation by 
under development at that time was using two loop recorders, and switching 
the use of loops of 35mm magnetic film, from one to the other whenever neces- 
cut to the exact length of the picture loop, sary. It is never necessary to unthread 
so that synchronous playbacks could be 
made. This system worked out very 
well and has been in regular use for al- 
most two years, in spite of the disad- 
vantage of the extra work involved in 
cutting loops to an exact length. 


the loops, as the selected takes are 
transferred immediately to film. 

The principal disadvantage of this 
system is that it ties up two magnetic 
recorders, besides restricting the length 
of loop to only two sizes. In order to 
overcome both these disadvantages, the 
system to be described in this paper 
was devised. 


In actual practice it developed that 
the most practical procedure was to 
standardize on two loop lengths, 25 ft 


Presented on October 6, 1953, at the Society’s 
Convention at New York by George Lewin, 
Chief, Sound Branch, Signal Corps Pictorial The new system makes use of a mag- 
Center, 35-11 35 Ave., Long Island City 1, N.Y. 

(This paper was first received October 1, 1953,  Netic stripe, 110 mils wide, placed on the 
and in revised form January 8, 1954.) composite workprint prior to breaking 


New System 
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it down into loops. ‘This stripe is placed 
so that it starts at the center line of the 
photographic soundtrack and extends 
inward toward the picture area, into 
which it encroaches very slightly. The 
width of 110 mils was selected as prob- 
ably the minimum width for satis- 
factory signal-to-noise ratio. Starting 
at the center line, of course, leaves one- 
half of the photographic track available 
for cuing purposes. 

The first problem was suitable mount- 
ing of the record head in the projector, 
and since the soundheads were RCA, 
and an RCA mounting kit for a repro- 
duce head was already available, this 
was selected for the initial installation. 
Fortunately, this head is designed for 
both recording and reproducing, which 
fitted into our plans, since a separate 
reproduce head would throw the plav- 
back out of synchronism. 

A requirement which we imposed on 
ourselves was that the system should be 
capable of continuous operation — that 
is, aS soon as one loop was approved, it 
should be possible immediately to start 
rehearsing the next one even while the 
first one was being transferred to film. 
This, of course, meant duplicate instal- 
lations on two projectors, and a rather 
elaborate switching system which will 
be described below. The reason for 
stressing the importance of continuous 
operation is that since the use of play- 
backs obviously takes extra time, it is 
imperative to eliminate any other de- 
lays in the operation. 

Another requirement is a satisfactory 
splice. It is often necessary to have the 
sound begin at the very first frame of 
picture which means that the sound must 
begin in the leader and continue across 
the splice. Fairly good results were 
obtained using the electrical butt-weld 
type of splice,? but there was still room for 
improvement. A diagonal splice was 
considered but was discarded since no 
satisfactory diagonal butt-weld  splicer 
was immediately available. Besides, 
it was felt the diagonal splice might lead 
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to confusion in accurate editing of the 
film. 

A rather novel solution to the splicing 
problem was finally adopted which 
turned out to have other important 
advantages as well. Instead of using a 
diagonal splice, the magnetic head itself 
is turned at an angle, which has the same 
effect in reducing the splice noise. Of 
course, this puts the modulation on a 
bias which makes it impossible to play 
the tracks on conventional reproducers, 
but this is not a serious drawback since 
the track is immediately transferred 
to photofilm. The standard butt-weld 
splicer is entirely satisfactory with this 
system. 

One of the unexpected advantages 
of the diagonal arrangement is that it 
permits the use of the full 200-mil gap 
even though the stripe is only 110 mils 
wide. By actual measurement, the level 
output from the head is at least 3 db 
higher by this arrangement. ‘The other 
advantage arises from the fact that the 
edges of the stripe are not always very 
uniform and considerable extraneous 
noise is generated if the head scans the 
edges. The diagonal arrangement elimi- 
nates this effect and at the same time 
increases the level output, whereas if a 
straight head were cut down to miss the 
edges, there would probably be a re- 
duction in output. 

The angle of bias is set at 60° with 
respect to the conventional position, 
which allows the full 200-mil gap width 
to be used while requiring only 100 mils 
of stripe width. It is to be expected, 
of course, that the angular arrangement 
will cause a greater gap loss at the 
higher frequencies. Actual measure- 
ment showed this loss to be 6 db at 
8000 cycles, which is easily compen- 
sated by equalization without appre- 
ciable penalty in noise level. 

Figure 1 shows the installed head. 
It is to be noted that this installation 
requires the stripe to be placed on the 
emulsion side of the film and early tests 
indicated that the stripe is quite satis- 
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Fig. 1. Record-playback head installed in 
projector. Note angular position of head. 


factory in this position, although the 
base side is to be preferred. However, 
it was not felt expedient to attempt to 
redesign a head mount to permit use of 
the base side before some practical ex- 
perience was obtained in the use of the 
system. Besides, in the continual quest 
for means of speeding up the operation 
of the new system from a production 
point of view, another idea suggested 
itself which not only insured faster 
operation but also permitted use of the 
base side for the stripe without the need 
of extensive redesign of the head mount. 

It was felt that a justified objection 
from a production point of view would 
be the delay involved in waiting for a 
print to be sent out for striping, before 
work could proceed. This could be 
avoided if raw stock were available 
with the stripe already on it. Then the 
prints would be ready for breakdown into 
loops as soon as they were received from 
the laboratory, just as in conventional 
practice. Successful striping of raw 
stock must be done on the base side, 
since the emulsion swells during proc- 
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Fig. 2. Erase head installed between 
picture head and upper magazine. 


essing and would destroy the stripe. 
Then, in order to have the stripe con- 
tact the head with the present destgn, 
it is only necessary to print the film 
through the base rather than by emul- 
sion-to-emulsion contact. The print is 
then projected with the emulsion toward 
the screen and the stripe will contact the 
head. In other words, we have made 
the film fit our particular projector 
layout by printing it accordingly. There 
is a very slight loss in detail in both 
picture and soundtrack due to printing 
through the base, and a slight additional 
out-of-focus effect in the sound repro- 
duction, but since these affect only the 
workprint and not the finished product, 
they are not deemed important. 
Figure 2 shows the installation of the 
erase head. As may be seen, this is 
installed above the picture head in order 
to avoid extensive redesign of the sound- 
head. Here, again, we made use of 
equipment already available, viz., the 
Westrex erase head which is enclosed in 
a convenient mounting. We also made 
use of the Westrex Oscillator, Record 
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Fig. 3. Projector equipped with 
loop magazine and film chute. 


and Playback Amplifiers. It was found 
that removal of the 180-ohm_ input 
termination normally used on the Wes- 
trex playback amplifier automatically 
provided the high-frequency 
boost required to compensate for the 


most of 


Fig. 4. Special flange for winding loops. 


loss due to the angular head position. 

Figure 3 shows the entire projector 
equipped with the loop magazine and 
film chutes which were designed at the 
Signal Corps Pictorial Center. The 
loop magazine is worthy of special 
mention as five of them have been 
in successful operation for over three 
years. It permits the use of conven- 
tionally spliced loops, wound into a 
small roll and eliminates the need for 
loop-trees. The roll is simply dropped 
into the magazine after unwinding 
enough to thread the projector. The 
roll unwinds itself as the projector starts 
up and the loose film remains in the 
magazine without further attention. 
Loops up to 200 ft in length may be used. 
We feel this method is superior to those 
used in certain other studios which require 
splicing from the inside to the outside of 
an open roll, and which require special 
mountings for winding and take-up of 
the loops. These special loops also 
have to be handled and stored on special 
racks; whereas ours can be wound into 
small rolls and stored in regular film 
cans. 

A special flange was designed to facili- 
tate the winding of our loops. This 
is shown in Fig. 4 with the beginning of a 
loop about to be wound. Figure 5 
shows the loop completely wound. 

A special loop separator was designed 
to fit into a regular film can to protect 
the loops against damage which would 
result from packing them too tightly. 


Fig. 5. Film loop completely wound. 
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Figure 6 shows a film can fitted with the 
separator and holding 12 loops. The 
loops can be up to 50 ft in length without 
undue crowding. 


Operating Procedure 

When a particular project is selected 
for lip-synchronous operation, a com- 
posite workprint striped stock is 
ordered. printed through the base as 
just described. Additional footage is 
ordered printed from a negative loop of 
leader stock. This leader is used in 
each loop to provide cue marks for the 
actors and to permit the recording of 
identifying announcements. In_ cases 
where sound starts on the first frame of 
picture, the sound will be recorded on 
the last 20 frames of this leader as men- 
tioned previously. 

The sequences to be lip synchronized 
are then broken down into loops, using 
any lengths desired, as dictated by ex- 
perience. The leader is spliced into 
each loop, using the butt-weld splicer. 


Figure shows the mixer’s control 
board on which are most of the controls 
referred to below. 

The first two loops are threaded on the 
two projectors and the first one started 
up. The mixer throws his record- 
playback key into record position and 
rehearsals begin. The photographic cue 
track is heard over a loudspeaker by 
both director and actors. When the 


director feels they are ready for a “take” 
he pushes a button which shuts off the 


Fig. 6. Film can with separator for loops. 


Fig. 7. Mixer’s control board. 
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loudspeaker and transfers the cue track 
to the director’s headphones. Repeated 
takes are made until he feels he has a 
good one. He then calls “playback” 
and turns on the loudspeaker. The 
mixer throws his switch to “playback” 
and everyone hears the playback in 
synchronism with the picture as many 
times as necessary to evaluate it properly. 

If the take is not good, a retake is 
immediately made by the same _ proce- 
dure. If the take is good, the director 
calls “print” and the projectionist 
takes that as the cue to start the second 
loop, on which rehearsals immediately 
Start, with the cue track. He keeps the 
first loop running but with the arc lamp 
turned off. This actuates a relay which 
gives the mixer control of a switch which 
can stop the projector, but cannot start 
it. The mixer proceeds to transfer the 
first loop to photofilm. He has full con- 
trol of this operation without interfering 
in any way with the rehearsal of loop 
#2 which is taking place on the stage. 
When the transfer is complete, he stops 
projector #1, which is the cue for the 
projectionist to unthread the loop and 
put on loop #3. 

The mixer then turns his attention to 
loop #2, which by now is probably ready 
for a take. In this way continuous 
operation is possible. 


Additional Features 


Several other features of the switching 
system which are essential for smooth 
operation should be mentioned at this 
point. 

Figure 8 is a block diagram of the 
essential components of the system. 

In order to keep the number of switch- 
ing operations down to a minimum, 
only one recording-and-playback chan- 
nel is used for both projectors. Which- 
ever projector starts up first, operates 
a relay which connects its head to the 
channel. This relay will remain in 
this position until the projector is 
stopped, at which time it automatically 
switches to the other projector if it is 
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running. In this way a single record- 
playback switch serves to control either 
projector and yet protects the loop on 
one projector from accidental erasure 
while the other one is being worked on. 
The stage monitor system is connected 
to the cue track while recording, and, 
of course, to the magnetic track when 
playing back. However, a neutral posi- 
tion on the record-playback key _per- 
mits the cue track to be heard again 
if desired without erasing the tape. A 
“transfer” position on the microphone 
key not only kills the microphone but 
sends the cue track out to the stage so 
that rehearsals can proceed while the 
previous loop is being transferred. 


Reassembling of Loops 


As the operation has been described 
so far, it has been assumed that each 
good take is transferred to film for editing 
in the usual way. This is the logical 
procedure if it is felt that additional 
editing may be necessary to improve 
the synchronism. It has always been 
our contention, however, that if a little 
extra time is spent during the recording 
session to achieve the best possible 
synchronism, it should not be neces- 
sary to do any further editing. In that 
case, it should be possible simply to 
reassemble the loops into one continuous 
sequence and thereby have a complete 
soundtrack ready for the final re-record- 
ing without the need of using any raw 
stock or processing. The only additional 
precaution to be taken is that in reas- 
sembling the loops the sound takes pre- 
cedence over the picture. This means 
that the loops will be cut open in the 
leader usually at least 20 frames ahead 
of the first frame of picture. At the tail 
end of the loop, the cut will probably 
be 20 frames ahead of the last frame of 
picture, at which point it would be 
spliced to the leader of the following loop, 
etc. Sequences which are covered by 
narration could be recorded directly on 
the striped film if there is no overlap. 
The complete roll would then be re- 
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Fig. 9. Spring-loaded roller installed to 
add tension to film. 


recorded from the projector to a stand- 
ard magnetic track which would then be 
used for the final re-recording job. 


An additional technical problem arises 
as a result of reassembling the loops into 


one continuous roll. This is the re- 
quirement that the two projectors match 
each other very closely in azimuth and 
level. This problem is not serious as 
long as we transfer each loop immediately 
from the same projector on which it 
was recorded, but the moment we inter- 
cut, then azimuth and level differences 
become accentuated. The problem is 
aggravated by the fact that we use the 
same recording-and-playback amplifier 
for both projectors, in the interest of 
simplicity, and consequently it is not 
feasible to adjust bias current, level and 
equalization individually for each pro- 
However, by careful selection 
and adjustment of the heads we have 
succeeded in matching the projectors 
within +2 db in both level and _fre- 
quency response at 100 to 7000 cycles. 


jector. 
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Mechanical Problems 


The use of a 60° rotation of the mag- 
netic head from its conventional position 
also introduced mechanical problems. 
The head mount had to be modified so 
that the plane of the gap is always 
parallel to the plane of the film. Other- 
wise the head contact would change 
while adjusting the azimuth. It was 
also found that the end of the head had a 
tendency to dig into the film, and would 
chip off tiny bits of emulsion which be- 
came encrusted on the head and built 
up until contact was lost. This was 
solved by lapping away some of the iron 
on each side of the gap so that very little 
metal other than the gap itself contacted 
the film. The leading edge of the gap 
was also rounded off so that it would not 
dig into the emulsion. These modi- 
fications did not appear to alter the mag- 
netic characteristics of the head. 

Another modification found neces- 
sary was the addition of a spring-loaded 
roller to put a slight tension in the film 
to improve the head contact. This is 
seen in Fig. 9. This unfortunately 
increases the flutter slightly, but not 
enough to be objectionable for voice 
recording. 

Some hum pickup was encountered 
which was found to originate in the 
arc-lamp supply rectifiers. This was 
corrected by moving these rectifiers 
to a point just outside the projection 
booth. This not only eliminated the 
hum but cleared some extra floor space as 
well. 


When the use of this system becomes 
more firmly established through prac- 
tical experience, it is our intention to 
design a complete film-driven unit to be 
installed above the picture head where 
the erase head only is now located. 

In conclusion, it is desired to express 
appreciation to the personnel who were 
responsible for most of the design; 
especially to James J. Kennedy, Jr., 
Chief of Transmission Section, and his 
staff, who worked out all the electrical 
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details; and to Stephen Szeglin and 
Rudolph Peters who did the mechanical 
design on the head mounting modifi- 
cations; also to W. Norman Kessel, 
Chief of Projection Section, who is 
responsible for the design of the loop 
magazines. Credit should also go to 
personne! of Foreign Adaptations Branch 
for their cooperation in applying the 
system to actual production. 


References 


1. George Lewin, “Special techniques in mag- 
netic recording for motion picture pro- 
duction,” Jour, SMPTE, 56: 653-671, 
June 1951. 

Leonard A. Herzig, “Splicing motion picture 
safety film without cements or adhesives,” 
Jour. SMPTE, 60; 181-188, Feb. 1953. 


Discussion 


Edgar A. Schuller (Central Service Studios, Inc.): 1 
believe you stated that the loops used at SCPC are 
stored asrolls. Are they stored on reels or cores? 
And how do you wind them without damaging 
the film? 

Mr. Lewin: We have a little special flange which 
grabs hold of the end of the loop while it’s still 
stretched out or lying in the basket and then as 
you wind up the flange, the loop winds up in a 
double layer. After it's wound up to its full 
length, you simply slide it off the flange. In 
other words, when you put it into the can where 
it’s stored, there’s no flange or hub. It just sup- 
ports itself. (See Figs. 4,5 and 6.) But I would 
like to point out that since we started working 
with these magnetic loops we found that we have 
to be a little more careful with them than with 
our ordinary picture loops because of the fact that 
they’re really the equivalent of negatives when we 
get through with them. That is, they have our 
original recording on them, which we may have 
spent a long time in getting properly synchro- 
nized. So we've made up these separators in the 
film cans so that each loop just falls into a little 
compartment which prevents it from unravelling 
and doesn’t require any paper clips which can 
mangle the sprocket holes and possibly introduce 
noises into the magnetic track. 

Mr. Schuller: When you thread up your projec- 
tor, beyond pulling off a few feet to thread up the 
reproduce-record head, do you have to further 
unwind the loop, or do you just drop it into the 
lower chamber? 

Mr. Lewin: You just drop the whole thing in. 
That’s the beauty of it. The loop can be 200 ft 
long if necessary and yet you only unwind from 
the outer layer just enough film to thread around 
the necessary sprockets. Then the remainder of 
the roll, just completely wound up as it is, is 
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dropped into the lower magazine. As the pro- 
jector starts up, the loop will unwind itself and af- 
ter it has made one complete revolution it’s lying 
in the magazine in loose layers which don’t scratch 
the film appreciably and will take care of them- 
selves as the projector continues torun. They'll 
just slide around and find their own natural posi- 
tion and keep going as long as you please. 

Mr. Schuller: What reason prompted you to 
standardize on the length of 25 and 40 ft for the 
loops? 

Mr. Lewin: That was really a description of the 
system we're using at present. It’s what I now 
call the old system because with the new system 
using the magnetic stripes we're not restricted in 
the length of loop; we can use any size loop we 
please and in that way we overcome the objection 
of the foreign department who complain that it 
slows them up if they have to cut everything ex- 
actly to the sprocket hole in 25-ft and 40-ft 
lengths. They can cut any size they please. 

Mr. Schuller: What was the original reason? 

Vr, Lewin: The original reason was——this is go- 
ing back two years ago--before we had magnetic 
stripe, we didn’t have this special projection 
equipment designed and we still wanted to give 
the foreign department facilities for immediate 
playback of the loop. So therefore we used a 
separate loop of 35mm full-width magr-tic film, 
which carried the soundtrack. The picture 
loop was just picture and cue track. It had no 
magnetic facilities. Therefore, the playback 
loop had to be exactly the same length as the pic- 
ture loop, otherwise as you kept going it would 
fall out of syne, and obviously you can’t take the 
time to unthread a 30- or 40-ft loop every time 
thev complete one and start running another loop 
which might be 35 ft long. It’s just impractical. 
Therefore we requested them to stick to two sizes. 
We keep the loops threaded up all day long on 
two separate recorders. We just run the 25-ft 
machine when they have 25-ft loops and if they 
have to do a 40-ft loop, we just throw one machine 
off the line and throw the other one on, and we're 
ready to go with the new length. Experience has 
shown that the majority of loops are between 15 
and 25 ft long, so that a 25-ft loop takes care of all 
of these. Very few loops are over 40 ft long, so 
these two lengths take care of practically all cases. 

Mauro Zambuto (1. F. E.. Studios Inc.): 1 under- 
stand that vour striped raw stock must be printed 
and developed. Do you ever have any trouble 
with the way the striping stands up under the ac- 
tion of the developer chemicals or the way the 
bath itself reacts to the fact that you're putting 
some iron oxide through it? 

Mr. Lewin: No, uv to date we've had no com- 
plaints from the laboratory. We warned them, 
of course, when we started, of what we were do- 
ing, and we asked them to make any tests that 
they felt necessary to make sure that we were not 
going to spoil their developing solution and they 
were not going to spoil our soundtracks. So far we 
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haven’ thadasingle complaint. I don’t think there 
should be any, because the magnetic material is 
so inert chemically it just doesn’t do anything to 
the developer or vice versa. 

Mr. Zambuto: You see, my question is based on 
the fact that such a thing was tried in France a 
couple of years ago and they had a definite oxida- 
tion of the bath. I don’t know now under what 
conditions they did it. Is your striping abso- 
lutely normal? 

Mr. Lewin: We don’t ask for anything special 
and I might as well point out that the stripe that 
we’re talking about here is a Reeves Soundcraft 
stripe and possibly somebody from that company 
might venture some information as to why it 
doesn’t bother the bath, but I can testify that it 
hasn't bothered it as yet. 

Edward Schmidt ( Reeves Soundcraft): 1 don’t know 
of any reason at all why the stripes should bother 
the bath. All sorts of tests here in the East and on 
the West Coast, previous papers presented before 
the Society describing the system used by Colum- 
bia Pictures and M-G-M, work of our own on re- 
versal films as well as black-and-white films, even 
up to the point of these high-speed processing ma- 
chines where the complete processing is carried 
out in 45 sec or so, have shown no chemical action 
on the bath or no effect of a prerecorded magnetic 
signa! on the stripe by any processing we've run 
into. 

Mr. Zambuto; Not even any damage upon the 
stripe because of mechanical action in conse- 
quence of shrinkage, humidity, etc.? 

Vr. Schmidt: None that I’ve ever heard of. You 
see, the iron oxide particles in a good dispersion 
are so wrapped up in a very thin layer of inert 
binder, plastic-like material, that there is no way 
for any chemical action to reach the individual 
particles of the oxide. 

Vr. Lewin: Ud like to remind the audience, 
while I still have the mike, that I have about 25 
samples here that I promised to give out of the 
striped film in which the magnetic track has been 
means of iron filings. I also 
want to point out that I'm indebted to Mr. Wal- 
ter Hicks of Reeves Sound for making these sam- 
ples 

Joseph E. Aiken ( Naval Photographic Center): Mr. 
Lewin spoke in regard to one of his systems about 
a 35mm projector which he caused to reverse or 
run backwards. I'd like to ask Mr. Lewin if any 
modification of the 35mm projector was necessary 
in order to have it back up. 

Vr. Lewin: No, practically That's 
something we've been doing for well over two 
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vears now. The only modification I can recall is 
that we installed a Moviola take-up on the upper 
magazine and ran a belt around that, so that 
when you’re running backwards it acts as a take- 
up. When running forward it acts as an over- 
running clutch and has no effect. Aside from 
that the only precaution we take is to lift up the 
sound pad roller when running backwards so that 
there’s less tendency for the film to run off the 
sound drum. Also the projectionists usually 
back off on the pressure plate in the picture aper- 
ture. But aside from that we've experienced no 
trouble whatever, stopping and reversing as often 
as we please. 

Mr. Zambuto (Comments submitted in correspond- 
ence subsequent to Convention discussion): In connec- 
tion with the discussion on signal-to-noise ratio 
obtainable from a magnetic striping of half the 
width of a normal optical soundtrack, I wish to 
bring to your attention the following. 


After striping, the available width of the opti- 
cal soundtrack for scanning is: 50 mils for a 
normal 35mm track, and 36 mils for a 16mm 
track, assuming the scanning beam scans the 
whole width of the track. Edge irregularities 
of the striping have been stated to be of the order 
of one mil. This gives us a ratio of 100% modu- 
lation on the optical soundtrack to noise modula- 
tion from the edge of the striping of: 1/50 for 
35mm track, and 1/36 for a 16mm track. It is 
quite evident that signal-to-noise ratio will be 
34 db for the 35mm track and 31 db for a 16mm 
track. You will notice that in the above sim- 
plified calculations I have considered the density 
of the optical track (supposedly a variable-area 
one) to be the same as the optical density of the 
stripe and that modulation can affect the full 
width of the soundtrack. According to these 
considerations, these figures seem to me to be a 
little critical for good quality recording, even 
taking into account the fact that the edge of the 
stripe will be slightly out of focus in the scanning 
beam. 

Mr. Lewin (submitted by mail): Mr. Zambuto’s 
comments are probably valid as regards the ef- 
fect of the irregular edge of the magnetic stripe 
upon the signal-to-noise ratio of the optical sound- 
track. This is important when the optical track 
is used for re-recording or for showing purposes. 
It should be pointed out, however, that in the 
system described in my paper, the optical track 
is used for cuing purposes only, and therefore 
any noise present in it does not get into the 
finished product, 
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Preparation of Foreign-Language Versions 


of U.S. Army Films 


By MAX G. KOSARIN 


U.S. Army films, training, informational or documentary, have been prepared 
in foreign languages since 1942, at the Signal Corps Pictorial Center. Foreign 
versions of U.S. Army films are produced in various languages for use by 
our military missions in those countries where we are assisting in the training 
of national armies. Narration and lip synchronization are used, depending 
on whether the original film is of the narrative, off-screen type or dialogue, 
situation type. Superimposed subtitles are not used in foreign versions of 
military films because of the necessity of retaining, in translation, the entire 


c ntent of the scenario or script. 


A: THE ouTsET of World War II, 
the United States had committed itself 
to arming countries of South and Central 
America. Under Lend Lease we shipped 
all types of war materiel and equipment 
to our neighbors to the South. We then 
had to train their armies in the use of 
our equipment and to train them as 
quickly as possible. 

The U.S. Army Signal Corps Pictorial 
Center had already established its 
training-film production studios in Long 
Island City and it was therefore logical 
that these same films that were being 
produced to train our own Armed 
Forces, should be used to train our 
foreign allies in the use of the same 
equipment. Upon request from the 
Inter-American Defense Board, Wash- 


Presented on October 6, 1953, at the Society’s 
Convention at New York by Max G. Kosarin, 
Chief, Foreign Adaptations Branch, Signal 
Corps Pictorial Center, 35-11 35 Ave., Long 
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ington, D.C., Spanish and Portuguese 
versions had to be prepared by the newly 
established department at the Center, 
the Foreign Adaptations Branch. 

Since that time the program of pro- 
ducing foreign-language versions of U.S. 
Army films has grown to much greater 
proportions. In addition to servicing 
our military missions in South and 
Central America with Spanish and 
Portuguese language versions, films are 
now prepared in Korean, Turkish and 
German. 

The original idea of cooperating in 
the training of Latin American armies 
has been extended to Europe and the 
Near East under the Mutual Defense 
Assistance Program; and, of course, 
to the Republic of Korea, practically 
from the first day of the invasion of 
South Korea in June 1950. 

Training or informational films are 
of the narrative off-screen voice type, or 
the dialogue, situation type. The 
narration film presents no special or 
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military training problems. The text is 
translated and renarrated in the foreign 
language, just as any commercial or 
entertainment short or documentary 
film. In the military dialogue film. 
however, the entertainment-film practice 
of superimposing dialogue titles on 
American films for export to foreign 
countries, cannot be effectively used. 
The conversation between the charac- 
ters on the screen or the explanations 
being given to groups of soldiers, as part 
of the scenario in the film, actually 
carry the very teaching principles and 
doctrine being enunciated by the film 
subject. Superimposed dialogue titles 
at best can give only a small percentage 
of the actual dialogue. While this may 
be sufficient to impart the plot and 
general idea of the average entertain- 
ment film, it is inadequate in a training 
film, since it would be most ineffectual 
and even confusing to make a foreign- 
language version in which a small per- 
centage of the message was being taught. 
The technique of lip synchronization, 
therefore, is the only method in which 
the entire text can be translated and 
incorporated in a foreign-language ver- 
sion, outside of a complete reshooting 
of a film production in the foreign 
language, using foreign actors. The 
difference in costs is, of course, obvious. 
In preparing for lip-synchronization 
recording, the dialogue must be trans- 
lated in such a way as to retain the same 
number of syllables and to match the 
vowel sounds and the consonants. The 
inflexibility of the exact military language 
that must be used in the dialogue makes 
the task quite difficult. In entertain- 
ment films the dialogue can be altered 
to a great extent to accommodate the 
matching of lip movements. In a mili- 
tary film, a piece of equipment, the 
nomenclature of its component parts, 
the voice commands and similar phrase- 
ology, all must be exact in their applica- 
tion. 
The translation of the original scripts 
requires native experts in each par- 
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ticular language who are familiar with 
the military and technical phraseology 
as well as the colloquialisms of the par- 
ticular foreign army. Military advisers 
for technical language are sometimes 
requested by the Center. It is important 
to adapt the film’s text so that no re- 
sentment is aroused in the foreign 
country, because of some sequence that 
might be misinterpreted or appear to 
be an extravagant claim or boast on 
the part of the U.S. Army. 

Following the translation, the script 
is broken down into short sequences and 
the corresponding scenes are cut from 
the composite print and spliced into 
loops. The loop is projected in the 
recording studio, with the foreign voice 
actor reading his lines, while the re- 
cording director stands at his side watch- 
ing the screen for cuing purposes, with 
the additional help of the original 
soundtrack running through earphones. 
The recording director cues the actor 
by a quick tap on the shoulder for each 
pause in the running dialogue, coaching 
the actor as to speed, projection of voice, 
delivery, etc. 

There is another method for cuing 
in lip synchronization. This is known 
as the projected cue track and consists 
of an apparatus, synchronized to the 
projector containing the picture loop, 
which projects a special dialogue loop, 
containing the lines of the characters 
in the particular scene. The cuing is 
done automatically by the actor reading 
the words as they travel across the screen 
from right to left. The use of this 
method, however, entails considerable 
time at the editing machine, in prepar- 
ing the dialogue loops. It is our feeling 
that this method, for all its costlier, 
time-consuming preparation, adds noth- 
ing to the preciseness of the synchroniza- 
tion, and as a matter of fact, results in 
a more mechanical, monotonous record- 
ing of the voice. 

In lip synchronization, each sequence 
is recorded individually until all the 
loops or scenes have been completed. 
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Fig. 1. Reshooting sequences in foreign language, to be incorporated into existing 
Army films. 


The recorded material, processed on 
optical film, is edited by lip-synchroniza- 
tion film editors who select the best 
takes, adjusting and inter-cutting them, 
with the result that a film is produced in 
which the original characters on the 
screen appear to be speaking in the 
foreign language. 

The attempt at perfection the 
technique of lip synchronization is 
made, not for the mere sake of technical 
or artistic achievement, but because the 
attention of the foreign student viewers 
would be distracted, if they were made 
conscious of the lip synchronization by 
a poorly executed technique. 

In the adaptation of training films in 
foreign languages there are occasions 
when dubbing or lip synchronizing is 
not practical for reasons of subject 
matter, difficulty of technical language 
or colloquial expressions and situations 
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awkward to translate. In such instances, 
scenes are reshot, matching as closely 
as possible the original backgrounds. 
Foreign actors are then used, substituting 
for the original characters. At other 
times lip synchronization is avoided by 
substituting scenes of characters on the 
screen explaining charts or equipment 
by full-screen foreign language inserts in 
which the voice is off-screen, or perhaps, 


just a hand or arm pointing to the 


subject matter is shown. 

Army training films make extensive 
animated sketches to_ illustrate 
tactical situations, disposition of weapons 
and military units and also for the 
illustration of operating parts of equip- 
ment, electrical circuits and the like. 
In order to retain these valuable training 
sequences in the foreign-language ver- 
sion, without the expense, however. of 
remaking the footage originally in the 


use of 
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foreign language, the technique of 
“duping” or masking is resorted to. 
This consists broadly of covering up the 
labels or texts of the original animation 
and substituting with foreign-language 
equivalents, reshooting the original back- 
ground with the new foreign text, to 
produce a foreign version of the same 
animation. This is accomplished at a 
fraction of the cost of original animation. 

Under the Mutual Defense Assistance 
Program, the U.S. Army, through its 
missions in Europe, has been assisting 
in the military training of their re- 
spective armies. As part of that training 
activity, we have been providing the 
preprint material from which those 
countries can make up their own language 
versions. In France. Belgium and 
Italy, lip-synchronized versions of the 
U.S. Army films are being prepared, 
while in such countries as Holland and 
Denmark off-screen narrated versions 
of U.S. Army films are being produced, 
even those that are dialogue type in the 
original. In Western Germany, where 
thousands of German nationals are 
employed by the U.S. Army in a variety 
of tasks, such as motor-vehicle driving 
and maintenance, warehousing, con- 
struction, etc., our own Army training 
films are used extensively, adapted into 
the German language at the Signal 
Corps Pictorial Center here in New 


York. 
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Soon after the outbreak of the Korean 
war in June 1950, the Center began 
its cooperation in overcoming the tre- 
mendous problem of training and train- 
ing quickly the new Republic of Korea 
Army. Practically overnight we found 
ourselves making Korean language ver- 
sions of U.S. Army films, selected by the 
proper higher authorities for their close 
relationship to the conflict at hand. 

At first, we in the Foreign Adaptations 
Branch feared the lip synchronization 
of English language dialogue would be 
most difficult, translated into an Oriental 
language, such as Korean. Happily, 
however, Korean is a phonetic language 
and lip synchronization was thus facili- 
tated. 

The U.S. Army, from time to time, has 
received national and international doc- 
umentary awards for certain Army-made 
films. We, who are engaged in the pro- 
duction of foreign adaptations, are partic- 
ularly proud of a scroll, signed by the 
Chief of Staff of the Korean Army, com- 
mending the U.S. Army Signal Corps 
Pictorial Center for its “meritorious serv- 
ice and great contribution to the Army of 
the Republic of Korea and for the supe- 
rior manner and high standard of tech- 
nique employed in the film production 
of Korean military training films. These 
films have been of great importance to 
the instruction and training of Korean 
military personnel and have produced 
excellent results.”’ 


Language Conversion and Other Applications of 


a Special 16mm Magnetic Projector—Duplicator 


By J. C. GREENFIELD 


Techniques employed at the Naval Photographic Center, using a specially 
built, one-unit, 16mm photomagnetic projector and photomagnetic duplicator 


are described. 


Its use for recording (while projecting) on 16mm half-stripe 


composite prints, in foreign-language conversion, is reviewed. Sizable sav- 
ings in time and material are realized. 


A, AN INTEGRAL PART of the Inter- 
Hemispherical defense program the U.S. 
Navy has been engaged in the transla- 
tion of training films for use by the navies 
of numerous Latin American countries 
as well as the Turkish Navy. In order 
to instruct the personnel of these navies 
in the use of the material and equipment 
received from the United States, we have 
actively cooperated with them by pro- 
viding training films. In turn they 
have sent qualified officers here to do the 
translation work on the scripts and 
monitor the narrators in the foreign- 
language versions. One difficulty en- 
countered during the past six years of this 
program has been that of shortening the 
foreign commentary sufficiently to match 
the picture, as originally narrated in 
English. For instance, there is no 
counterpart in Spanish for our word 
“counterclockwise.” This made ___it 
necessary for the Spanish translators to 
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improvise and say “the opposite way 
from which the hands of the clock 
rotate.” Such difficulties are often met 
in matching the Spanish language with 
the picture. 

Until recently, the recording and 
editing techniques employed by the 
Photographic Center and Navy con- 
tracting producers followed the more or 
less conventional pattern. The foreign- 
language narrator would, if it were 
practical, “‘narrate directly to picture,” 
the picture being a 16mm or 35mm com- 
posite, running in interlock with a 16mm 
or 35mm _ photographic recorder. 

In most cases it was necessary to resort 
to short takes and retakes, necessitating 
frequent stopping and rewinding of the 
composite projection print. This, of 
course, entailed considerable editing of 
the resulting foreign-narrative photo- 
track. Then followed the re-recording of 
the edited track while prepared music, 
and sound effects tracks as required. 
were mixed to produce the final sound 
negative for composite release. The 
above procedure is complex, costly and 
time consuming, especially since only 
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six to thirty prints are required for each 
foreign-language subject, and only one 
to four prints in many other special 
motion-picture services performed at 
the Center, and since these are not 
budgeted for full production and release. 

Using the magnetic medium, sizable 
savings in time and material are realized. 
Employing a professional combination 
photomagnetic-projector, photomagnetic- 
duplicator, several customary operations 


* 
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are by-passed. The direct result is a 
final mix, suitable for transfer to a re- 
lease sound negative, or for duplicating 
magnetically striped prints. 

Since this equipment will be fully 
described in the next paper in this issue 
of the Journal, only a brief functional 
description will be given here before dis- 
cussing its use in language conversion and 
other applications. 

The device (Fig. 1), which is all in one 


ee 


Fig. 1. Film-exchange transworder showing bias meter and pushbutton control unit. 
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unit, consists basically of a JAN pro- 
jector, modified to include magnetic 
record-reproduce facilities, plus a dup- 
lication of the soundhead section of an- 
other JAN mechanism, similarly modi- 
fied for magnetic record-reproduce. 
The two are commonly driven by a 
reversible synchronous’ motor. The 
magnetic reproduce preamplifiers are 
located behind the combination record- 
reproduce heads. A meter and spring- 
loaded switch have been added to in- 
dicate bias current on either head. 

All other transmission equipment is 
installed in the rack-width base. Am- 
plifiers and power supplies are of the 
plug-in type and inputs of all units are 
brought out to standard jack strips. A 
standard VU meter is used for level 
determination. A 10-w amplifier pro- 
vides monitoring of any amplifier in the 
system by means of a selector switch. 
The simplified block diagram (Fig. 2) 
shows the four preamplifiers each with 
independent attenuator, the booster 
amplifier, master attenuator, V.I. am- 
plifier, the two recording amplifiers, 


monitor amplifier, power supplies and 
bias-erase oscillators. The optical or 
phototrack reproducers are always en- 
ergized and normal into preamplifiers 1 


and 2. The magnetic heads when used 
as reproducers may be patched accord- 
ing to requirements. 

A pushbutton control box with in- 
dicator lights (Fig. 1), which is remotely 
duplicated at the director’s or narrator’s 
position, starts, stops and reverses the 
film transport motor, turns the projection 
lamp on or off, and selects the magnetic 
record or reproduce function on_ the 
projector and duplicator heads _ inde- 
pendently, while running. The relay 
circuitry is so arranged that whenever 
the motor is stopped, the erase heads dis- 
connect automatically and the record 
heads become playback. 

This prototype multipurpose machine 
is in use at the present time in the 
narration-studio projection booth at the 
Photographic Center (Fig. 3). Wishing 
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to use an existing projection port, and 
due to the location of a 35mm pedestal 
projector, it was decided to locate this 
equipment 90° to the normal projection 
beam, which projects through a small 
monitor room into the narration studio. 
A front-surface mirror diverts the beam 
and a removable ground-glass screen 
mounted on the monitor room window 
provides a bright, correct-reading pic- 
ture, when viewed from the narrator's 
position. The remote-control box is 
located in the studio along with an 
additional monitor circuit for headphone 
use during recording. While adequate 
gain for microphone pickup is provided, 
the regular narration mixing equipment 
is used for speech pickup, and bridged 
into the new unit. 

With this brief equipment description, 
we can return to language conversion, 
which was the first experience gained in 
the use of this flexible assembly. The 
nation concerned in the current con- 
version work is making increased use of 
16mm _ projectors with magnetic sound 
reproduction, so that the end product is a 
16mm composite print with magnetic 
half-stripe carrying the translation. 
Most of the Navy training films selected 
for conversion have only main and end 
title music, straight narration and little 
or no direct dialogue. The title music 
ends or fades before narration starts, 
and sound effects which have training 
significance such as Sonar “pings,” etc.. 
are usually ‘in the clear,’ or free of 
narration overlaps. Since with this ma- 
chine the photographic half-track can 
be reproduced simultaneously while 
recording is taking place on the adjacent 
magnetic half-track, the  phototrack 
music and effects can be re-recorded 
over to the magnetic track, along with 
the new narration, using regular mixing 
practices. The procedure proved very 
simple. Selected Navy 16mm _ release 
prints were magnetically half-striped. 
One print was threaded through the 
projector section, and another through 
the duplicator section of the machine. 
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PROJ. BOOTH 


MONITOR ROOM 


NARRATION STUDIO 


Fig. 3. Installation layout showing rear projection. 


each with its sound-start frame at the 
sound drum. The narrator having 
previously rehearsed the translated script 
with a conventional projector, requires 
only a final rehearsal or two in the 
studio (Fig. 4). 

Ready for an original take, a director 
or the narrator himself operates the 
remote control and the _projector-re- 
corder-duplicator starts. regular 
sound technician controls the levels. 
Should the narrator make an error, the 
machine is remotely stopped (auto- 
matically switching the magnetic func- 
tion to reproduce), reversed to a few 
scenes or sentences ahead of the error, 
and started forward again. Listening 
now to magnetic playback the record 
button is pressed promptly after com- 
pletion of the last flawless sentence and 
the narrator continues recording. Cor- 
rections are made in this manner as re- 
quired until the reel is completed. A 
final complete playback may _ reveal 
where an improvement might be made 
by changing or respeaking a sentence, 
phrase or a single word. ‘This can be 
successfully done with careful timing and 
handling of the control buttons. This 
technique, together with the remote 
control system, is similar to that in use at 
the Signal Corps Pictorial Center for 


justified. The 


the past several years on 35mm magnetic 
recording equipment, described in a 
previous issue of the Journal.* 

The recording thus made will be 
virtually a final mix and release print 
at the same time, or as in this example 
the yield is two prints which will be 
used as masters for subsequent duplica- 
tion by re-recording. Another method 
makes use of full-width magnetic 16mm 
film on the lower or duplicator head, and 
this becomes a dubbing master for 
additional prints. 

Another technique in foreign-language 
work is suggested and is particularly 
effective when the original track carries 
a musical score and effects, and a com- 
plete rescoring job is not economically 
composite or mixed 
English track is re-recorded at full level 
until the foreign-langauge narrator is 
about to speak. The English track is 
then faded down but not out, and is 
returned to normal level whenever a 
pause occurs in the translator’s narration. 
Thus the dramatic influence of the 
music and effects is preserved and the 
new language narration dominates the 
still intelligible English. It is well 


*George Lewin, “Special techniques in magneti: 
recording for motion picture production,”’ Jow 
SMPTE, 56: 653-663, June 1951. 


Greenfield: Language Conversion 427 


R 

a 
> 


known that the meanings of spoken 
words or phrases can be modified by 
intonation, inflection and emphasis. In 
translation work, these meanings can be 
lost or are difficult to convert faithfully. 
This system allows the original language 
commentary to be compared with the 
translation, at any time. 

Additional copies are made on the 
same machine. Half-striped prints are 
re-recorded on the lower or duplicator 
head from the completed magnetic half- 
stripe composite running on the upper 
mechanism. If a final mix was made on 
full-width magnetic film, it would be 
used as the duplication master. 

In the future each country will receive 
a 50-mil striped print of the U.S. film, 
and, after listening to the English photo- 
graphic track, will be able to have their 
own narrators record the foreign 
language on the 50-mil stripe. This 
will enable them to use their own dialects 
on their films. In the case of the various 
Spanish idioms, this was not possible 
before, since the translaters here were 
forced to use a “‘middle of the road 
Spanish” that would be only partially 


acceptable and understood by the Latin 
American Navies. 

In another service performed by the 
Naval Photographic Center, the end 
product requested is a single 16mm com- 


posite print. The narration script is 
usually of the report or status type and 
the picture material furnished is fre- 
quently original color reversal. Pre- 
viously this kind of service required the 
above-mentioned conventional system: 
record, print, edit, re-record, and print 
compositely. Real savings in time and 
material are made by simply magneti- 
cally striping the original 16mm color, if 
it is single perforation, and recording 
direculy on it. 

When 35mm equipment having com- 
parable operational conveniences is gen- 
erally available, great savings will be 
similarly realized. However, lacking 
such equipment at the moment, the 
16mm _ projector-recorder-duplicator has 
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been used as an interim medium. A 
typical case is one where a speed priority 
on a 35mm _narration-to-picture job 
allows little time for track printing, 
cutting and re-recording. A 16mm 
one-light picture print is made from the 
35mm work print. When this negative- 
reading print is projected, along with 
magnetic stock on the duplicator record- 
ing head, it provides the narrator with 
an adequate picture guide, and allows 
him to use the ‘“correction-on-run” 
technique. Title music is mixed at the 
same time from j-in. tape, disk or film 
dummies. This complete 16mm _ take 
is now simply transferred by re-recording 
to 35mm photographic track for com- 
posite printing with the cut picture 
negative. 

Another application of the machine 
involved its use as a playback and 
synchronizing device for the camera 
staging of a 5-min musical production 
number prescored on 35mm magnetic 
film. A 16mm magnetic copy of the 
music was made on the duplicator head 
and the machine so positioned that it 
could project onto the sound stage. A 
portable screen was set up out of camera 
range but visible to the clapstick slate 
man. A roll of opaque leader stock was 
threaded on the projector portion, on a 
start mark even with its counterpart on 
the magnetic roll. ‘This was marked 
start number one. ‘The director deter- 
mined his several subsequent start points 
while underway, using the remote con- 
trol to start, stop and reverse the mag- 
netic record, which was reproduced 
through stage playback speakers. As 
each internal starting point was selected, 
five consecutive number punches were 
used to punch at 12 frame _ intervals 
5, 4, 3, 2, 1 in the leader stock. Each 
of these internal starts was consecutively 
numbered. Several takes and camera 
angles were made from each start, and 
script notes made on which camera 
takes used which start number. ‘The 
camera and machine were started a lew 
feet ahead of the punched numbers, 
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Fig. 4. A Brazilian narration session. 


now projected on the stage screen. ‘The 
slate man would use the first four number 
Hashes for rhythm, and clap for the 
camera on number five. Camera work 
completed, the punched synchronizing 
leader was now placed on a_ 16-35 
synchronizer with a 35mm _phototrack 
copy of the original recording, its start 
mark lining up with start number 1 of 
the 16mm leader. 

The consecutively numbered internal 
starts were then transferred with grease 
pencil to the 35mm _ track print, the 
punched number 5 indicating in each 
case the closure of the stick on the 
camera coverage for that start. The 
35mm _ track was then used as a work- 
print and cutting master. 

Other schemes are possible and would 
probably work as well. For example, 


scratched bloops at similar intervals in 
the leader stock would provide audible 
beats for clapstick synchronizing, or 
blank magnetic stock could be used in the 
projection head and the stick itself re- 
corded. However, this would limit the 
camera to one print-take per setup. 
Some of the ideas set forth in this re- 


port serve simply to point up how almost 
daily in this still new field of magnetic 
recording, new uses, and application to 
older established procedures, are being 


tried, tested and used. It is axiomatic 
that any medium, technique or device 
that provides a more economic solution 
for the problems of language conversion 
and recording operations in general, 
while retaining the high standards set 
by the industry, is worth while. 
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Film-Exchange Foreign-Language 


Conversion Equipment 


By E. W. DDPARCY 


A new equipment has been designed to reduce the difficulty and expense of 


recording foreign-language translations on American films for export. 


Sound 


effects and music are printed on the film as a photographic half-width sound 
record and the other half of the sound record space striped for magnetic 


recording of the foreign language. 


The projector is designed to reproduce 


photographic and magnetic sound records on either soundhead or on both 
simultaneously. The magnetic recording head allows the foreign language 
to be recorded on the striping after the photographic recording is printed 


on the film. 


Rennie NEW BASIC DEVELOPMENT Of a 
component or system in our industry 
brings forth a variety of equipments 
designed to capitalize by application 
engineering on the potentialities pre- 


sented, ‘he recent addition of magnetic 
sound to motion-picture film is no 
exception to this axiom. The real 


economies possible in the conversion of 
sound motion-picture spoken narrative 
to other languages were justification for 
a new equipment design, using magnetic 
soundtrack. Such cost reduction can 
tremendously expand the world-wide 
use of film producers’ products. 

The economics of the situation are 
quite obvious. For example, if a film 
has a wide public interest, the cost of 
recording a foreign-language soundtrack 


Presented on October 6, 1953, at the Society's 


Convention at New York by E. W. D'Arcy, 
Consulting Engineer, 7045 N. Osceola Ave., 
Chicago 31 (formerly De Vry Corp.) 

(This paper was rec eived Mav 17, 1954.) 
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by the photographic process could be 
justified. On the other hand, the bulk 
of films of all types produced in this 
country have a specialized interest, and 
the distribution of such films in foreign 
languages would not be economically 
feasible. Most educational and indus- 
trial films fall in this category. 

Here let us consider briefly the 
present methods used in producing a 
foreign-language sound translation for 
an American film, with the typical case 
of a military film used for training pur- 
poses. Sound effects and a musical 
background are decided upon to enhance 
the interest of the subject matter. At 
this time a print of the picture only is 
produced. Using the picture as a 
master control with respect to scene 
length, a sound-effects soundtrack is 
produced. ‘The same process is used in 
producing the music score. ‘The narra- 
tive or dialogue portion of the picture 
is now recorded on a third track. These 
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three soundtracks are reproduced syn- 
chronously with the picture. Each sound- 
track is separately controlled, in a 
process called mixing, as to volume and 
tone quality, and is combined into the 
final end result of a soundtrack negative 
which is used to print the soundtrack on 
the final-release picture print. 

In order to produce a foreign-language 
version in the manner described, it is 
essential that a new master-sound 
negative be produced for each language. 
This explains the mechanical cost 
factor in such prints, not including 
costs for talent, script translation, etc. 
A further complication is the difficulty 
of securing the best actors and actresses 
capable of doing a creditable job of 
converting the English language, normal 
for the picture, into the required foreign- 
language version, using the correct 
dialect. This almost insurmountable 
difficulty makes highly desirable an 
economical method of adding the foreign 
language in the using country. 

It would appear that the answer to 
the problem would be found in a combi- 
nation type of release print in which the 
sound effects and music score are com- 


bined and printed on the film as a 
photographic half-width soundtrack, the 
other portion of the normal soundtrack 
space being striped with a magnetic 
sensitive iron oxide on which the foreign 
narrative could be recorded in the using 


foreign country. Such a_ soundtrack 
could be reproduced either by means of 
projectors capable of reproducing the 
magnetic and photographic soundtracks 
simultaneously, or by combining the 
sound on the photographic track with 
the foreign narrative in a final mixing 
operation onto the magnetic half-track 
sound striping applied to the release 
print. Obviously, equipment capable 
of producing such a final end product 
could be used for producing other release 
prints by re-recording and would elimi- 
nate the need for all field projectors to 
reproduce photographic and magnetic 
soundtrack simultaneously. 


D’Arcy: 


In the addition of languages other 
than that used as the primary release 
language, where the release print is a 
composite incorporating the background 
music, sound effects and spoken narra- 
tive, a considerable improvement in 
rapid revoicing can be attained by re- 
producing the photographic sound 
normal for the film through a headset 
for the narrator’s aid in cuing the re- 
voicing of the film. This technique 
has been described in some detail by 
George Lewin elsewhere in this issue. 


Film-Exchange Language-Conversion 
Equipment Needs 

The preceding background establishes 
a situation calling for a_ specialized 
piece of equipment with the following 
facilities for use in film-exchange foreign- 
language film conversions. 


(1) The entire equipment should be 
self-contained and transportable on 
rubber-tired truck casters. This is 
most convenient in a film-exchange 
type of operation. 
Picture-projection facilities should 
be incorporated in the equipment, 
allowing synchronous projection of 
the print with either or both the 
picture-projection sound-film 
phonograph soundheads. 

Facilities should be incorporated 
for the reproduction of photographic 
and magnetic soundtrack on either 
or both sound reproducers simul- 
taneously. 

The equipment should be capable 
of producing magnetic soundtrack 
of professional quality economically 
by re-recording. 

The equipment should be capable of 
making a_ professional language 
conversion with sound effects and 
music background. 

The electronic amplifier should 
incorporate adequate input-control 
facilities of conventional design to 
produce an acceptable magnetic 
sound record, 
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7) 


Switching should be rapid enough 
to permit dialogue corrections and 
insertions of a phrase or less in 
narration without switching tran- 


sients or thumps. 


Fig. 1. Film exchange transworder. 
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(8) The equipment should be capable 
of remote control for forward and 
reverse operation. 

(9) SMPTE standards should be ad- 
hered to completely with respect to 
both picture projection and sound- 
film reproduction. 


General Description 


A variety of equipment designs might 
be postulated from the preceding 
desirable performance objectives. A 
specific design answering to the pre- 
ceding performance objectives is shown 
in Fig. 1. It will be noted that this 
equipment resembles the double systems 
used in the screening of 35mm rushes in 
review rooms. However, a basic d ffer- 
ence exists in that both the projector 
soundhead and the sound dummy are 
equipped for the reproduction of optical 
soundtrack and for simultaneously re- 
producing or recording sound on mag- 
netic striping applied over one-half of 
the optical soundtrack. 


Subassembly Construction 

The basic projector element is identical 
to that supplied to the Armed Forces 
and identified as the AN-PFP-1 16mm 
projector set, with a separate 20-w 
output amplifier. The Armed Forces 
MIL-P-49B specification describes the 


Fig. 2. Magnetic/photo soundhead. 
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performance characteristics of the pro- 
jector very thoroughly. 

The complete projector is an assembly 
of five major subassemblies, namely, 
the front mechanism film-drive plate, 
rear mechanism lamphouse and drive 
motor mounting plate, drive-motor as- 
sembly, exhaust-motor assembly, and 
the soundhead assembly. 

The photographic soundhead assembly 
is shown in Fig. 2. 
this soundhead have been developed to 
meet basic 
equipment design was released. 

The drive motor powering the mech- 
anism also is a complete subassembly, 


various needs since the 


which permits the use of a variety of 


drive motors, with the desired electrical 
characteristics. For example, a 
synchronous moior is used for powering 
the language converter. It is a complete 
unit, and removable by four screws. 

Since this paper deals mainly with the 
sound portion of motion-picture equip- 
ment, a detailed description of the 
optical magnetic soundhead, the heart 
of the “Language ‘Transworder,” is 
most pertinent. previously  dis- 
cussed, the basic design allows segrega- 
tion of the soundhead as a subassembly. 
Figure 2 is a view featuring the selective 
switching and magnetic head film- 
contact pushbutton controls. A factor 
which influenced our soundhead design 
greatly was the Armed Forces require- 
ments with reference to the mechanical 
strength of the equipment. 


Fig. 3. Light pipe and magnetic head 
mounted in bearing housing. 


D’Arcy: 


Many variations of 


Language Conversion Equipment 


Since the capacity of the projector 
mechanism to withstand shock must 
not be reduced by the addition of 
magnetic sound, the diameter of the 
shaft supporting the sound-filter drum 
and inertia wheel had to be retained in 
its full section. One of the service 
ruggedness tests involves dropping the 
mechanism several times from a height 
of 18 in. to a concrete floor. The shaft 
size was therefore determined on_ this 
basis, and not by its normal functioning 
strength requirements. Hence, the shaft 
diameter is 0.421 in., a very husky shaft 
for such a simple operation. 

The preceding condition dictated a 
magnetic-head mount which would be 
located on the exterior of the sound 
drum-bearing housing and would not 
result in any reduction in section of 
either the sound-drum__ inertia-wheel 
shaft, or the bearing housing itself. The 
resulting magnetic-head mount design 
will be described in detail hereafter. 
An additional very important factor 
was the requirement that the equipment 
reproduce photographic sound, simul- 
taneously with either magnetic sound 
recording or reproduction. Figure 3 
shows the photographic sound light pipe 
location as related to the record-re- 
produce magnetic head and the magnetic 
erase head. These are located on either 
side of the light pipe, with about one 
film-frame spacing between them. This 
spacing is quite significant for the 
particular foreign-language film- 
conversion use under discussion. The 
magnetic heads in their mountings are 
secured to the sound-drum shaft-bearing 
housing, resulting in a single assembly 
wherein the magnetic heads and _ film 
location are related to a single basic 
locating point, and reducing mechanical 
tolerance buildups to a minimum. 

The available mechanical space dic- 
tated the need for a very minute type 
of magnetic record-reproduce head and 
erase head. The magnetic head is 
; in. in diameter and ,’, in. in length, 
and, in spite of its small size, has a 
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Fig. 4. Magnetic head adjustment 
requirements. 


permalloy shield incorporated for hum 
pickup reduction. The magnetic gap 
is less than 0.0004 in. for the record- 
reproduce head, and 0.010 in. for the 
erase head. 

The method of holding the heads in 
contact with the magnetic coating on 
the film base has received a greater 
expenditure of engineering time than 
almost any other phase of the project. 
To understand why this was so, the 
points stressed on Fig. 4 should be 
noted. 

The magnetic-head film-face adjust- 
ment is well illustrated at the top of the 
figure and is very simple to understand. 
The azimuth adjustment is also a very 
important one, otherwise film recorded 
on one machine will not reproduce well 
on another. The lateral adjustment 
allows the magnetic head to be positioned 
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Fig. 5. Magnetic head adjustments. 


correctly for the scanning of half-stripe 


magnetic film. The tangent adjustment 
is essential when scanning magnetic 
track at the sound drum. If this adjust- 
ment is incorrectly made, the gap face 
will not contact the film at the correct 
tangent. 

The magnetic head must be limited 
as to outward movement when not in 
contact with film. This is a basic need 
for splice protection. The head move- 
ment therefore is limited to about 
0.002-in. or 0.003-in. protrusion beyond 
the film contact position at the 
maximum. Hence there is no difficulty 
in handling splices. Additionally, in 
order to reduce flutter and wows, it is 
essential that the magnetic heads be 
held against the film by a mounting of 
minimum mass and friction. Other- 
wise, bearing eccentricities would have to 
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be held so close as to render general 
field use with low flutter impossible. 

A solution to the above performance 
and mechanical design problems is 
shown diagrammatically as the top 
illustration in Fig. 5 which is the basic 
principle of our whole magnetic sound- 
head mounting system. The erase- 
head and the record-head locations can 
be seen from this figure. Normally the 
photographic sound light pipe lies 
between the two magnetic heads. Pivot 
points seemed the most desirable method 
of securing accurate mechanical head 
alignment with complete freedom from 
static friction, thus maintaining uniform 
head pressure on the film and minimiz- 
ing the effect of bearing or drum eccen- 
tricities. 

The requisite head-alignment adjust- 
ments are shown in the three parts of 
Fig. 5. Another very important head- 
mounting design objective was related 
to the accessibility of these basic adjust- 
ments for field alignment of the heads. 
This was achieved by making the head 
mount in a yoke, encompassing the bear- 
ing housing, as can be seen at the top 
of Fig. 5. Thus, the critical adjust- 
ments are 90° from the point of head 
contact, and are relatively in the clear. 
Figure 6 shows the heads and mounts as 
used in this equipment. Two are re- 
quired, one being an erase head and the 


Fig. 6. Magnetic erase-record heads 
installed in mountings. 


other the record-reproduce head, ‘The 
total distance across the yoke is 1 in. 

Press bars are located on the bearing 
housing 180° from where the head 
contacts the film and are operated by the 
action selector buttons which withdraw 
the magnetic heads from film contact 
when the heads are not in use. When 
optical sound only is used, both slide 
bars are pressed underneath the head 
yoke ends and withdraw both magnetic 
soundheads from contact with the film. 
If magnetic reproduction is desired, 
only one of the bars is withdrawn, thus 
engaging the record-reproduce head 
and disengaging the erase head, which 
is used only while recording. 

Figure 7 is a bottom view of the sound- 
head showing details of the press-button 
selection device and the magnetic pre- 
amplifier which is incorporated within 
the soundhead. Post-equalization is in- 
troduced in the preamplifier by means 
of warping the feedback loop. A re- 
motely controlled record-reproduce mag- 
netic head relay is also incorporated in 
the same chassis. 


Fig. 7. Magnetic soundhead. 
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Fig. 9. Flutter graph. 


The bias current is controlled through tional speed variation has resulted from 
a bias-control box, attached externally the addition of magnetic equipment. 
to the transworder mechanism case (see The basic electrical performance of the 
Fig. 8). magnetic record-reproduce head is shown 

The magnetic-head mounting at- quite clearly in Fig. 10, made with con- 
tributes emerge as performance factors, stant current applied to the head. The 
particularly with respect to flutter. magnetic reproduce end result using 
Figure 9 is self-explanatory. No addi- the present Society magnetic multi- 
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Fig. 11. Overall frequency response 
from SMPTE magnetic test film. 
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Fig. 12. Magnetic head post- 
equalization required. 


frequency test film, is shown in Fig. 11. 
The  post-equalization required to 
achieve this end result is shown in 
Fig. 12. 

The pre-equalization required in order 
to duplicate the Society test film is 
shown in Fig. 13. This obviously varies 
from amplifier to amplifier and with 
respect to recording stock. This curve 
is made with Minnesota Mining and 
Manufacturing Co.’s 16mm_ recording 
stock and with our present amplifiers. 
It is quite close in characteristics to 
what was prescribed for the magnetic 
test films made by the Society. 
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Fig. 14. Photographic sound frequency 
response using SMPTE test film. 


Figure 14 is the photographic sound- 
reproduction curve of the system, made 
with the SMPTE multifrequency test 
film, and is as prescribed in the MIL-P- 
49B Armed Forces specifications as 
being the desirable curve. In fact, it 
is very close to many of the speaker- 
system curves that are in the Research 
Council recommendations. 


Magnetic Erasure and Bias 
Considerations 

There are some points about the erase, 
bias situation that are unique to the 
transworder equipment at this time. 
These are as follows (see Fig. 15): 
The small size of the erase head dictates 
a relatively high current input for 
effective magnetic flux density. Hys- 
teresis losses were a problem. It was 
therefore necessary to reduce the erase 
frequency in order to secure adequate 
magnetic-field density without head 
overheating. However, the _ erase 
frequency resulting was too low for 
good bias frequency. This was solved 
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Fig. 17. Transworder remote control circuit. 
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Fig. 18. Audio circuit block diagram. 
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in our case by frequency doubling the 
erase frequency for a bias frequency, 
otherwise heat frequencies developed 
in the audio channel. 

The 


shown in this family of graphs (Fig. 16), 


eHectiveness of the erasure ts 
‘The erase head is identical in all respects 
to the record head with the exception 
of gap width which is 0.01 in. It is 
quite obvious that effective erasures 
should be related to various audio fre- 
The 
of the recorded signal, the harder it is 


quencies. lower the frequency 


to secure effective erasure. 
Transworder Mechanism Details 


Both the projector and sound dummy 
are shock-mounted to a common case, 
and are powered by a common ,'y 
hp reversible synchronous motor (see 
Fig. 1). Both take-ups and feed reels 
are driven through individual ball-and- 


The soundhead 


duplicator is directly connected to the 


ratchet type clutches. 


projector mechanism by chain. 


Remote Control 


All control circuits are completed 
through 


relays which remotely 
Circuit 
action condition is indicated through 


parallel-connected 


controlled from a control box. 
indicator — lamps. 
Projector duplicator control circuitry 
is shown in Fig. 17 

In normal use the narrator or language 
conversion director operates the equip- 
ment remotely. For rapid dialog cor- 
rections this feature is very important. 
and such corrections are very common 
in foreign-language film conversions. 


Transworder Speech Input Equipment 
Mechanical Design 


All the 


and control-equipment Components are 


major speech-amplification 


mounted in the mechanism base cabinet 
(see Fig. 1). ‘The required amplifica- 
tion is sectionalized to the maximum 
practical extent and all such units are 
plug connected and are removable from 
the front of the cabinet by lowering 
the front case cover. Service access to 
the interconnecting wiring is through a 
removable rear case cover. All required 
audio input controls are located in the 
top front case section (see Fig. 1). 
The block diagram (Fig. 18) discloses 
in detail the amplification components 
and circuitry normal for the equipment. 
The patch panel affords access to all 
the amplification units and allows com- 
plete flexibility of use. All the ampli- 
fication used is of a conventional design. 


Discussion 


Malcolm G. Townsley (Bell @ Howell): This is 
not so much a question as a comment on Mr. 
D’Arcy’s paper. Mr. D’Arcy referred, in some 
curves he showed, to an SMPTE Standard on 
Magnetic Test Film. I think it might be more 
accurate to say that that is a film that was pre- 
pared for circulation to collect data on the re- 
produce characteristics of various manufactured 
projectors. It is not yet a standard film and 
there is no implication that it is to reproduce in 
any particular way on any particular manu- 
facturer’s projector. 

Mr. D’ Arcy: I agree with Mr. Townsley. This 
equipment design, however, does reproduce the 
SMPTE 16mm magnetic test film flat. 

Mr. Townsley: That’s not to imply that it 
necessarily should reproduce flat in every equip- 
ment, because that hasn’t been agreed to yet. 

Mr. D’Arcy: No, I realize that is the case at 
this time. However, it is my hope that even- 
tually all manufacturers will agree to a common 
reproduce condition. In my opinion this is 
essential for the progress of magnetic sound. 


June 1954 Journal of the SMPTE Vol. 62 


= 


New 35mm Single-Film-System 
Kinescope Recording Camera 


By ROBERT M. FRASER 


A new 35mm camera for recording television sound and picture is described. 
Included among the features of the camera are a 51° pulldown, adjustable 


shutter and high-quality sound recording mechanism. 


A discussion of the 


technical considerations in the design of a kinescope recording camera is 


included. 


‘Re ADVENT OF transcontinental tele- 
vision networks, with problems of time- 
zone differences in program origination, 
created the need for new kinescope re- 
cording techniques to store for delayed 
broadcast both picture and sound. The 
requirement for high-quality picture 
reproduction dictated the use of 35mm 
film and the development of a new 35mm 
single-film-system camera. The tech- 
niques involved in kinescope recording 
for time-zone delay broadcasting have 
been described.’ Briefly, this process 
requires the recording, processing, edit- 
ing and playback on 35mm film of a 
kinescope recording within two and a 
half hours time. The quality of re- 
production produced by the process 
approaches that of the original show. 
This process has been dubbed “hot kine” 
for understandable reasons. 


Presented on October 7, 1953, at the Society’s 
Convention at New York, by Robert M. Fraser, 
National Broadcasting Co., RCA Bldg., Radio 
City, New York 20. 

(This paper was received on March 31, 1954.) 


A second, increasingly important, use 
of high-quality 35mm kinescope record- 
ings is in the storage of network programs 
as a means of protection to cover vacation 
periods or leaves of absence, for one 
reason or another, of talent. Also, it 
is possible to reduce costs by recording 
several programs, such as daytime 
serials, in one day for subsequent release 
during the following days. ‘This releases 
the studio and crew for other assign- 
ments on other days, increasing the 
productivity of the unit. Savings in 
production costs can more than offset the 
higher costs of recording on 35mm film. 

It is the purpose of this paper to 
describe the camera used for the making 
of high-quality 35mm single-system 
(sound and picture) kinescope record- 
ings. 


Technical Considerations in Kinescope 
Recording Camera Design 


The photography of the kinescope or 
television cathode-ray tube presents 


problems in camera design not  pre- 


June 1954 Journal of the SMPTE Vol. 62 441 


viously encountered in the motion-pic- 
ture art. 

The major difficulty is created by the 
need for transforming the 30-frames/sec 
television picture to 24-frames sec 
motion picture. Basically this requires 


the recording of 24 of the 30 frames of 


the television image. ‘The other 6 frames 
are discarded. Let us review briefly 
those parts of the television broadcasting 
standards which play a part in the 
design requirements of a camera to be 
used in recording television images. 
The standard scanning pattern con- 
sists of a total of 525 lines, divided into 
two interlaced groups of 262$ lines each. 
Scanning proceeds uniformly from left to 
right along each of these lines. The 
scanning of the 525 lines takes place in 
gis sec; that is, 30 complete pictures or 
frames are transmitted each second. 
The scanning lines are laid down at a 
constant rate from the top to the bottom 
of the picture. The scanning pattern 
fills a rectangle four units wide and three 
units high. Each television picture or 
frame is divided into two vertical scan- 
ning periods of ,\5 sec each. Each scan 
is known as a field. The horizontal 
scanning rate of 525 lines/frame or 
15,750 cycles/sec is chosen so that in 
each vertical field scan the lines fall 
accurately into the spaces between the 
lines of the previous field. The field 
laying down the even-numbered lines 
is called the “lace” field, while the 
successive field is known as the “inter- 
lace”’ field, since it lays down the odd- 
numbered lines to complete the frame. 
The image that is to be photographed 
is produced on the face of a kinescope, 
usually a tube with a P11 phosphor. 
While to the observer there is the illusion 
of a continuous picture because of the 
persistence of vision, the image is in 
reality highly discontinuous. Each pic- 
ture element reaches its maximum 
brightness when excited by the electron 
beam in less than one millionth of a 
second. The light does not imme- 
diately disappear as the electron beam 
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moves on, but decays according to an 
exponential law. The P11 phosphor 
decays to 19% of its maximum luminosity 
in approximately 0.001 sec. “The photo- 
graphic effect of the phosphor light radia- 
tion is measured by summing up the in- 
stantaneous light output through the 
entire exponential decay function. 

A camera whose shutter is set ac- 
curately to 4's sec will record one com- 
plete frame of the television picture. 
Regardless of what point in the scanning 
cycle its shutter opened, the shutter 
would remain open long enough to re- 
cord the entire frame and would close at 
the same relative point in the scanning 
cycle of the subsequent frame. How- 
ever, if the shutter is set so the exposure 
is somewhat less than 9/5 sec, it can be 
seen that part of the scanning cycle will 
be missing. The result of this under- 
exposure will be a low-density area or bar 
through the print where only the lines of 
one field have been recorded, the lines of 
the interlacing field having been blocked 
off by the too early closing of the shutter. 

Conversely, if the shutter is open for a 
period greater than y'5 sec, more than 
one television frame will be photo- 
graphed, producing an overexposure in 
that part of the picture where the kine- 
scope beam had begun the scanning of 
the third field. This will produce a 
dark bar in the print. This bar, caused 
by over- or underexposure in kinescope 
recording, is popularly called “shutter 
bar,” since in most cases its presence is 
due to an improperly sized shutter, al- 
though a shutter-bar effect may be 
created by other causes. If the film is 
not perfectly stationary during the entire 
exposure, interlacing of the lines in the 
recorded image will be destroyed. 
When movement of the film occurs, either 
just as the shutter opens or closes, an 
overlapping of the lines will create a 
shutter-bar effect. Destruction of inter- 
lace is apparent when the lines of one 
field fall on top of the lines of the pre- 
vious field over part of or over the entire 
raster. This effect is sometimes ap- 
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parent at that point in the scanning 
cycle where the shutter opens or closes, 
since it is then that the film may still be 
moving due to the shock of the rapid 
pulldown of the intermittent movement. 

In monochrome television it is usual 
for the 60-cycle vertical scan rate to be 
locked to the local power supply fre- 
quency. Programs originating in other 
areas may have vertical scan rates that 
vary slightly from the local power fre- 
quency which is used to drive the 
synchronous camera motor. In_ these 
cases, a shutter-bar effect may be seen 
traveling through the recorded picture 
at a rate dependent on the frequency 
difference between the two localities. 

The advent of color television has 
created another problem. In_ color 
television the vertical scan rate is con- 
trolled by the frequency of the color sub- 
carrier, which in turn is selected to 
minimize interference problems caused 
by beats between the sound carrier and 
the color subcarrier. The resulting 
vertical scan rate is 59.94 cycles/sec. In 


Ist film frame 


order to minimize shutter bar in mono- 
chrome recordings of the color television 
image, it is necessary to use a means of 
driving the camera from the vertical 
synchronizing signal rather than the 
local power mains. 

It is seen from the discussion above that 
in motion-picture cameras designed to 
record the television image at the 
standard 24-frames/sec sound speed the 
shutter should be sized accurately to be 
open for g45 sec or 288°. The pulldown 
period is then dictated by the difference 
in time between sec and sec or 
sec. The closing angle of the shutter is 
72°. Referring to Fig. 1, which dia- 
grams the relative cycle of operation of 
the motion-picture camera relative to 
the television field and frame cycle, it will 
be observed that the points in the tele- 
vision scanning cycle where the shutter 
opens and closes are 2} fields apart in 
time. This means that any error in 
timing of the shutter, or shutter bar, will 
occur in the same position in the film on 
every second frame, so that this error 
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Fig. 1. Sequence of exposure and pulldown period timing of kinescope 
recording camera in relation to the field rate of the television image. 


Fraser: 


35mm Kinescope Recording Camera 


| 7 
360° 

Vo ‘3h 

shutter open close) 

! 

| st 2nd 3rd 
lace lace lace Z 
field field 

—— Yao sec : 

443 


will show as a 12-cycle flicker when the 
recording is projected at normal speed. 
Even more apparent is the error intro- 
duced when the shutter Hutter 
component that introduces varying ex- 
posure into each film frame. 
When this occurs the shutter bar may 
oscillate from black to white at some 
subharmonic frequency of 12 cycles, 
producing a very undesirable effect. 

Still not fully understood is the part 
played by the failure of the reciprocity 
law in the creation of shutter bar. More 
specifically, it is believed that the residual 
shutter bar that remains after careful 
adjustment of all other variables, and 
which indeed varies from one emulsion 
batch to the next, requiring shutter re- 
adjustment, may be charged to that 
photographic effect known as the Clayden 
effect. The effect is described as follows: 
“If a photographic emulsion is given 
first a very short exposure to light of very 
high intensity and then a second ex- 
posure to light of moderate intensity, the 
two do not add in simple fashion. The 
high-intensity exposure effectively 
desensitizes the emulsion toward the 
second exposure.””? 

In photographing the kinescope, the 
exposure is the result of the integration of 
the total light output from the moment 
the electron beam strikes the phosphor 
until the light output decays to ex- 
tinction. However, at the point in the 
scanning cycle where the shutter closes, 
only the highest intensity portion of the 
light gets through to the emulsion. But 
the same area of the phosphor was being 
scanned just before the shutter opened, 
so that the emulsion received the low- 
intensity portion of the light output first 
in those areas. The problem then is 
whether the density produced on the film 
for those areas where the entire light out- 
put was recorded continuously through- 
out the entire decay curve, is the same as 
for those points where the low-intensity 
“afterglow” was recorded first, with the 
high-intensity being photo- 
graphed sec later. 


has a 


errors 


portion 
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The effect is most noticeable on a 
uniform-brightness field, with the ex- 
posure adjusted to produce a mean 
density of approximately 1.0. The 
density variation that can be attributed 
to the intermittency (Clayden) effect: is 
small, but when the film is projected at 
24 frames/sec the effect shows as a 12- 
cycle flicker, a point where the eye is most 
sensitive to slight brightness differences. 
As a result the shutter-opening angle will 
not be exactly 288° for best cancellation, 
but will vary a fraction of a degree from 
this value. Under the conditions of a 
uniform-brightness field on the kinescope, 
it will be found difficult to remove the 
shutter-bar effect completely, but a 
point can be reached where on average 
pictures the effect cannot be seen. 


Features of the Camera 


Severe demands are made upon a 
camera designed for kinescope record- 
ing. It is not at all unusual for the 
camera to be operated for two or three 
hours a day, a demand which places a 
severe strain on all components of the 
camera mechanism. <A _ broadcast pro- 
gram cannot be delayed because of a 
failure of the recording camera. There- 
fore the utmost care must be taken to 
design the camera so that breakdowns 
will be at a minimum. 

Most programs in television are timed 
to the half hour. While it would be 
desirable to provide recording con- 
tinuously for one hour, the size of the film 
roll involved dictates a practical limit. 
In the Acme camera, the magazines are 
designed to load 3000 ft of 35mm film, 
which is sufficient for one-half hour of 
recording. Three-thousand-foot rolls of 
film stocks used in kinescope recording 
are supplied by the film manufacturers 
with one splice. The weight of the 
loaded film magazine is 52 lb, which 
makes plain the need for strong men as 
kinescope recording technicians. 

Figure 2 is a view of the camera with 
the magazine mounted in place. The 
camera housing is cast aluminum, which 
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Fig. 2. The Acme 35mm sound-on-film 
kinescope recording camera. The sound 
optics, which are not shown, mount on 
the platform at the right. 


ensures rigidity in construction. Since 
the films normally used in kinescope 
recording are blue-sensitive only, it is 
possible to provide observation of the 
film path through red glasses inserted in 
the door, a valuable feature in assuring 
the technician that everything is “rosy.” 
The panchromatic emulsion used in 
photographing the camera for Fig. 2 is 
able to ‘see’? through the red glass. 

double-acting buckle switch is 
provided on each side of the main 
sprocket. ‘This switch stops the camera 
if the film take-up should fail for any 
reason. A microswitch located on the 
rear wall of the film compartment, near 
the take-up side of the main drive 
sprocket, is actuated by the edge of the 


film. ‘This switch will stop the camera if 


the film should break or run out. An- 
other microswitch is located near the 
intermittent so that the camera will not 
run unless the film gate is properly seated. 

All of the four motors used to drive 
the camera can be seen in Fig. 3. The 


Fig. 3. The Acme camera showing 
the four motors. Access to the shutter- 
adjusting screw is through the covered 
port directly below the shutter shaft. 


use of three synchronous motors to drive 
the shutter, the intermittent action and 
take-up sprocket, and the sound mech- 
anism, independently of each other, 
minimizes the interaction of the inter- 
mittent pulldown on the stability of both 
the sound mechanism and the shutter 
which, as discussed previously, must 
rotate with utmost constancy of motion 
to ensure shutter-bar-free recordings. 
The shutter motor, at the left, is a 110-v, 
synchronous capacitor start-and 
run unit, operating at 1800 rpm. It 
drives the shutter at 1440 rpm through 
a precision steel and fiber gear combina- 
tion. Interlocking with the other syn- 
chronous motors is provided to maintain 
correct phasing of the shutter with the 
intermittent action during the starting 
and stopping periods. When the camera 
reaches operating speed, the mechanical 
interlock floats free so that the inter- 
mittent loading of the main drive motor 
does not reflect into the shutter action. 
The main drive motor is mounted on 
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the back wall of the camera. It is a 
110-v synchronous, split-phase, }-hp 
type running at 1800 rpm. It powers 
the intermittent action and the main 
drive sprocket. The motor is mounted 
so that its field may be rotated to obtain 
proper phasing between the pulldown 
and the shutter. 

The sound mechanism is powered by 
its own motor mounted on the top of 
the camera with its shaft vertical. It is 
interlocked to the main drive motor 
during the starting and stopping periods, 
but runs independently at synchronous 
speed. This is necessary to maintain 
loop lengths in the camera. The in- 
dependent action of the motor makes 
possible the high quality of sound motion 
and freedom from wow and flutter not 
normally associated with single-system 
sound and picture cameras. 

The take-up is powered by a 110-v 
torque motor through a_ specially 
designed silicon clutch. It is capable of 
taking up 35mm film from a_ core 
diameter of 4 in. to a maximum diam- 
eter of about 18 in. at the end of a 
3000-ft recording. 

The design of the intermittent (Fig. 4) 
used in this camera is the outgrowth of 
two previous intermittent designs used 
over a period of a year and a half. 
While the earlier designs pull down the 
film in approximately 57°, this improved 
design pulls down in 51°, allowing ample 
time for registration of the film during 
the 72° closing angle of the shutter. 

Two registration pins are used. The 
right or sound-track side pin is full fitting 
vertically and horizontally with dimen- 
sions of 0.078 by 0.110, while the left or 
outside pin is full fitting vertically only 
and is 0.010 in. from full fitting in the 
horizontal dimension. This allows for 
a slight horizontal dimensional change in 
the film. The pins supplied with the 
intermittent are positive pins. They 
may be interchanged with Bell & Howell 
pins to fit standard negative perforations. 

It is disturbing to the designer of an 
intermittent movement for use in kine- 
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Fig. 4. The 51° pulldown intermittent. 


scope recording to find that the stability 
of film registration, which checks all 
right on the standard star test in direct 
photography, is poor when exposed to 
the kinescope raster. Slight movements 
of the film that are not noticed in 
ordinary photography, due to the in- 
tegration of the exposure over the entire 
area during the entire exposure time, be- 
come very noticeable when exposed to 
the kinescope where the exposure time is 
measured in millionths of a second. The 
movement of the film during exposure 
causes a displacement of the television 
line structure which resembles somewhat 
the effect created by an under- or over- 
sized shutter. 

In this design a full 288° period of 
solid film stability is provided. There is 
actually 304° of film registration, but 
between the 288° position and the 304° 
position the registration pins are in 
motion. It is necessary to phase the 
shutter opening accurately to coincide 
with the period during which the pins are 
Stationary. 

Figure 5 is an internal view of the 
camera, showing the threading path. 

A modulated pressure pad is used to 
hold the film in the focal plane during 
exposure. Its pressure is relieved so 
that film is under a minimum of tension 
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Fig. 5. The threading path of the Acme camera. The focusing lens mount is marked 
in increments of 0.0005 in. 


during the pulldown period. All parts 
that come in contact with the film are of 
nylon or chrome-plated steel to reduce to 
a minimum the possibility of scratches. 

For the accurate alignment of the 
camera with the image on the kinescope 
tube, a prism viewer is supplied. Its 
aperture corresponds exactly with that of 
the intermittent movement. It also is 
used for rough focus checks. Since the 
eye is relatively poor in resolution at the 
portion of the spectrum radiated by the 
tube phosphor, it is recommended that 
focus be set by exposing a test film at 
settings around the approximate point 
found by eye and selecting the optimum 
focus point by examining the film under a 
microscope. 

In the early days of kinescope record- 
ing, it was customary to adjust the shutter 


angle by honing its edges with an 
Arkansas stone, or, in the case that too 
much had been removed, to paint the 
edge of the shutter with one or more 
coats of paint. This is necessary to ad- 


just the exposure time to minimize 


shutter banding. In the new design, a 
calibrated screw-driver adjustment ac- 
cessible through an opening in the front 
of the camera permits an easy change of 
the size of the shutter and allows a series 
of tests to be made readily to determine 
optimum shutter angle for minimum 
shutter banding. 

The lens supplied with the camera 
is a 75mm Bausch & Lomb Baltar 
f 2.3 with coated lens. It is mounted 
in a micrometer focusing mount allow- 
ing adjustment of the lens focus in 
increments of 0.0005 in. The entire 
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lens structure may be mounted to cover 
cither a 5-in or 10-in. kinescope. A 
rigid supporting bracket holds the lens 
in place and aids in minimizing the 
effect of vibration. 

The sound drive mechanism is driven 
through a separate electric motor which, 
as mentioned previously, is interlocked 
to the intermittent drive during starting 
and stopping periods. At synchronous 
running speed the interlocking mecha- 
nism disengages and the entire sound 
mechanism is independent of the varying 
loads of the intermittent drive. This 
motor provides a direct drive to a verti- 
cally mounted drive shaft having two 
worm gears which engage worms for the 
two sprockets of the tight-loop film 
system. Tension rollers are connected 
through a common coil spring, with 
damping provided by a dashpot filled 
with a viscous liquid. A heavy flywheel- 
and-drum assembly is mounted with pre- 
cision bearings. Under normal opera- 
ting conditions the wow content meas- 
ured between 2 and 20 cycles is 0.04%, 
while the flutter measured between 20 
and 300 cycles is 0.25%. It is believed 
that this can be improved by the use of 
closer tolerances in the gear drive. 

‘The camera is designed specifically to 
accommodate an RCA MI-10387-A 
optical system (Fig. 6) which is capable of 
making either a negative or a direct 
positive track by a change in the position 
of the galvanometer. The only struc- 
tural change from the standard studio 
optical system is in the position of the 
monitor screen which has been reversed 
to permit observation from the left side. 

The optical-system base contains the 
necessary Cannon connectors, the lamp 
current rheostat, meter and switch; 
galvanometer on-ofl-bias switch and the 


galvanometer-to-line matching  trans- 
former. 

Acknowledgments 

The single-system cameras 


used at the NBC Kinescope Recording 
plants in Hollywood and New York are 
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Fig. 6. The RCA MI-10387-A 
optical system. 


the result of joint design between the 
Producers Service Co., NBC, and RCA 
Film Recording. Specifications set by 
NBC for the camera included the sound- 
recording features. 

The knowledge and experience of the 
RCA Film Recording engineers were 
utilized in arriving at the design of the 
sound mechanism of the camera. The 
integration of design information was 
made by the Producers Service Co. of 
Burbank, Calif., who designed and 
manufactured the entire camera, except 
for the optical system used for sound re- 
cording. This unit is a standard RCA 
item. The camera, while built pri- 
marily for NBC, is available to anyone 
from the Producers Service Co., except 
for the RCA optical system which is 
supplied by the RCA Film Recording 
Division. 

The writer would like to express his 
appreciation to John P. Kiel of the 
Producers Service Co. for his aid in the 
preparation of this paper. 
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Discussion 


Wilbur G. Hill ( Ansco): What size of core 
do you use and do you find it important to 
limit the minimum size of core? Also, 
what tensions do you get from the core end 
of the reel up to the full reel size? These 
questions are asked primarily because 
there has been some discussion at our meet- 
ings about core size and standardization of 
cores, particularly in light of the use of 
longer and longer film lengths. 

Robert M. Fraser: The core size for the 
supply reel is a standard 2-in. plastic core 
as supplied by the film manufacturer. 
The take-up hub is 4} in. in diameter, so 
that from 4} to 18 in., the outside diam- 
eter of the 3000-ft film roll, we have a 
4:1 ratio. As to the actual tensions, I'm 
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not sure I can answer that. The silicon 
clutch, however, and torque motor seem to 
maintain a very steady pull on the film. 
We have no problems in starting and stop- 
ping a film at any point in the 3000-ft roll. 

Mr. Hill: May I ask then, is the silicon 
clutch primarily to give you the lesser 
shock in starting? 

Mr. Fraser: Yes, actually I didn’t men- 
tion that. The switch for turning the 
camera on has two positions. In the first 
position, the take-up alone works and the 
motor grinds away with the film stationary. 
Then the switch is moved into the second 
position and the entire camera. starts. 
There are a number of microswitches 
scattered throughout the camera to prevent 
the camera from operating unless there is 
film in it and every part of the mechanism 
correctly set in place. 

Mr. Hill: Perhaps one more question 
would clarify a point. Do you find that 
the silicon clutch, in connection with your 
torque motor, eliminates possible cinching 
of the film when you’re winding larger diam- 
eters? In certain applications, you'll 
find that if you use a torque motor or a con- 
stant pull on the film, you'll get a cinching 
at the core as the roll builds up to the 
larger diameters. 

Mr. Fraser: Yes, that would be a possi- 
bility. We have seen nothing that we 
could attribute to that cause, however. 


‘ 
7 


Multipurpose Optical Tracking and 


Recording Instrument 


By SIDNEY M. LIPTON 


A new tracking telescope type of optical recording instrument has been de- 
veloped for missile programs at White Sands Proving Ground. The versatility 
of the instrument is discussed on the basis of different cameras and optical 


systems which may be used on the same basic mount. 


The possibility of its 


use as a cinetheodolite of moderate precision is also noted. 


Pics three years ago, the Ballistic 
Research Laboratories at Aberdeen 
Proving Ground, Maryland, started the 
development and construction of a 
group of specialized optical instruments 
which were required for certain types of 
guided missile programs being conducted 
at White Sands Proving Ground, New 
Mexico. 

The first four of these instruments 
were completed and tested in the summer 
of 1951 and were put in operation in the 
fall of that year. These instruments 
were designed to obtain photographic 
records with specified repetition rates, 
exposure time and magnification, and 
could be used for a variety of programs 
in which tracking and photographing 
missile flights were required. Similar 
instruments, which had been developed 


Presented on May 1, 1953, at the Society’s 
Convention at Los Angeles by Sidney M. 
Lipton, Bendix Radio Corp., Baltimore, 
Md. (formerly of Ballistic Research Labora- 
tories, Aberdeen Proving Ground, Md. ). 

(This paper was first received Apr. 13, 
1953, and in revised form Nov. 7, 1953.) 
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in the past, served as a basis for deter- 
mining certain parameters such as ex- 
posure and filter factors, tracking rates, 
timing requirements and mount charac- 
teristics. 

The availability of several additional 
gun mounts, which comprised the bulk 
of the instrument, and the varied re- 
quirements of different missile programs 
led to several studies which indicated 
the adaptability of the mount to hold 
optical systems and cameras other than 
as originally contemplated. 

The instrument consists basically of a 
telescopic main optical system, a motion- 
picture camera, auxiliary guiding tele- 
scopes, a mount which moves the tele- 
scopes and camera in azimuth and eleva- 
tion, and auxiliary electrical and elec- 
tronic equipment. 

The function of the mount is to move 
the main optical system and the camera, 
in both azimuth and elevation at varying 
rates in order to record photographically 
the flight of objects or missiles. It must 
be capable of 360° azimuth rotation 
and slightly more than 90° elevation 
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Fig. 1. Modified Newtonian System: effective focal ratio, f/6.33; focal length 96 in. 


rotation. It must be large enough to 
accommodate the telescopic optical sys- 
tem, required by these problems, and 
rigid and smooth enough in its motion 
to minimize any vibrations or deflec- 
tions which would affect the film record. 

The obsolete Navy 5-in./25-mark, 
19-gun mount, scheduled for salvaging 
at the time it was located, proved to be 
quite suitable after a certain amount of 
modification. 

The existing elevating gear mechanism 
and associated bearings were completely 
replaced by a different design and re- 
located. The old azimuth _ bearings 
were replaced by new units of the same 
design and closer tolerances. The azi- 
muth gear system was adjusted to mini- 
mize backlash. In the elevation system 
a patented dual lead worm and worm 
wheel designed by Gould and Eber- 
hardt was used. ‘The backlash in these 
instruments was 0.001 in. measured 
on the 17-in. pitch diameter of the 
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worm wheel, which 0.12 
mil or 24” of are. 

The main telescope tube is composed 
of three sections: the center section 
consists of a cylindrical meehanite metal 
casting and the front and rear sections 
consist of either an open-tube frame- 
work or an enclosed cylindrical struc- 
ture. The camera bracket, or support- 
ing structure, is mounted on the center 
section. 

Two short trunnion shafts, part of the 
center section, are mounted on a pair of 
precision angular-contact ball bearings 
(New Departure, A.B.E.C. No. 9 toler- 
ance). ‘The worm wheel is seen mounted 
on the left trunnion, as viewed from the 
main mirror to the secondary mirror of 
the telescope. ‘The worm is caused to 
turn by a set of cluster spur gears, actu- 
ated by a handwheel. ‘Two speeds are 
possible by axially positioning (pushing 
or pulling) the handwheel shaft; a 
slow speed of one turn of the handwheel 
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Fig. 3. Modified Schmidt (Wright) system: effective focal ratio, / /3.75; 
focal length, 48 in. 


equivalent to 143° elevation and a fast 


speed of four times this value, or 52° 
per handwheel turn. 

A mechanical elevation stop actuated 
from the worm shaft limits the elevation 
to a minimum depression of approxi- 
mately —3}5° to a maximum elevation 
of approximately 923°. An external 
indicator arc is provided for coarse 
visual elevation-angle determination. 

The pedestal, the structural 
member of the instrument, rotates on 
two thrust ball bearings; a_ center 
bronze bushing serves to restrain lateral 
movement. The stand, or base of the 
instrument, holds the azimuth worm 
wheel, the bearings and an external 
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indicator circle for visual azi- 


muth determination. 


coarse 


The pedestal rotates in azimuth by 
means of a worm which is turned by a 
pair of helical gears, universal joints. 
long shaft, sets of bevel and cluster spur 
gears and a handwheel. ‘Two speeds 
are possible by axially positioning the 
handwheel shaft; a slow speed of one 
turn of the handwheel equivalent to 
approximately 13° and a fast speed of 
four times this value, or approximately 
6° per handwheel turn. 

The usual angular tracking rates in 
the field are from 2° to 4°/sec. Orcea- 
sionally as much as 8°/sec. has been 
successfully achieved. ‘The two trackers 
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are seated on opposite sides of the 
pedestal. The guiding telescopes used 
by the trackers are fastened so that 
the optical axis of the eyepiece is co- 
incident with the centerline of the trun- 
nions. These telescopes are 24-power, 
have a field of view of 3° and a }-in. 
exit pupil, and their reticles may be 
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Fig. 4. Off-axis Schmidt system: effective focal ratio, f/2.66; focal length, 36 in. 


illuminated for night operation. An 
open gunsight with an_ illuminated 
reticle is mounted on the guiding tele- 
scope to provide for a large field of view. 

The first main optical system used a 
modified Newtonian telescope, and the 
camera arrangement is shown in Fig. 1. 
The usual Newtonian telescope consists 
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of a main parabolic mirror which collects 
the light from an object and brings it to 
a focus at the side of the telescope tube 
by means of a secondary fat mirror 
(the Newtonian flat) which is tilted to 
the main axis at an angle of 45°, thus 
diverting the main cone of light through 
an angle of 90°. In this modified 
Newtonian system the Newtonian flat is 
tilted to divert the main cone of light 
through an angle of 60° to a focus at the 
film plane of the camera at the top of the 
telescope tube. The front-surfaced para- 
bolic mirror has a clear aperture of 
16} in. and a focal length of 96 in. 
The front-surfaced Newtonian flat has a 
clear circular aperture of 5} in. Light 
shields extending from the camera and 
under the main tube prevent stray light 
from striking the film. The net focal 
ratio of this system is //6.33. A filter 
wheel in front of the camera contains 
six different Wratten-type filters. An 
alternate camera arrangement is shown 
whereby the focal length may be ampli- 
fied by a factor of two or three by the 
use of negative (Barlow) lenses of —4.8 
in. and —1.8 in. focal length, respec- 
tively; two lenses were chosen so that 
quick changes of amplification could be 
made while the camera position was 
fixed. The use of such lenses was ini- 
tially suggested by White Sands Proving 
Ground operating personnel. These 
lenses have been designed by Frankford 
Arsenal to give a resolution of at least 
50 lines/mm over an image-field di- 
ameter of 1,', in. with a minimum of 
aberrations. 

When photographing at the prime 
focus, the position of the camera may be 
shifted along the optical axis, in advance, 
by means of a fine screw and dial indica- 
tor arrangement, in 0.001-in. increments. 
When using the negative amplifying 
lenses they may be translated along the 
optical axis initially or during the photo- 
graphing interval by the same fine incre- 
ments, to allow for changing object dis- 
tances. 

Using a standard 35mm Mitchell 
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high-speed camera, the film aperture is 
0.723 in. high by 0.920 in. wide. Of 
this, approximately a ,%4-in. side has 
been reserved for the future presenta- 
tion of instrumental position data. “The 
resulting frame for recording the image 
field gives a diagonal of approximately 
1 in. With the 96-in. focal-length 
system this is equivalent to a field of 
view of 36’ of arc or the frame is 26’ 
of are square. At the edges of this field 
the tangential coma is approximately 
53” of arc. The film used for these 
instruments is Shellburst Panchromatic. 
The desired overall resolution of the 
system is 50 lines/mm over the entire 
image field. 

Actual results on the range frequently 
show resolution of 2” of are on the film 
record. 

Converting this to linear resolution on 
the film, for 96 in. focal length, gives 
approximately 42 lines/mm. It has 
been assumed that atmospheric “‘seeing”’ 
limits resolution usually to approximately 
2” of arc, and the above-mentioned 
results appear to confirm this, at least 
for daytime observations in the White 
Sands Area. 

Figure 2 shows another type of optical 
system and camera arrangement which 
may be used with the same basic mount 
structure and central tube casting. 
Four instruments of this type are in the 
process of development and _ construc- 
tion. This is a folded Newtonian tele- 
scope which is similar to the modi- 
fied Newtonian telescope previously de- 
scribed, except that an additional flat 
mirror (the auxiliary flat) is used to 
deflect the main cone of light from its 
previously deflected path of 60° to the 
main axis to a path which is finally 
parallel to the main axis. The main 
parabolic mirror has a focal length of 
108 in., the Newtonian flat has a clear 
elliptical aperture of 8.737 in. major 
diameter and 7.562 in. minor diameter 
deflecting the main cone of rays 60°, 
and the auxiliary flat has a clear ellip- 
tical aperture of 8.375 in. major diameter 
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Fig. 5. Modified Newtonian system with Mitchell camera. 


and 4.126 in. minor diameter deflecting 
the main cone of rays parallel to the 
main mirror axis. The net focal ratio 
is f/6.95. The film plane may be placed 
at the primary focal plane or it may be 
moved back as much as 20 in. for an 
equivalent focal length of approximately 
480 in. Amplification of focal length 
is effected here by the use of a 3-in. 
focal-length positive lens. 

Either a 70mm full-frame or a stand- 
ard 35mm motion-picture camera may 
be used. When the 70mm camera is 
used at the prime focus, a thin coma 
corrector lens will be used. 

Figures 3 and 4 show study layouts of 
two types of Schmidt optical systems 


456 


which may be used with this mount. 

In Fig. 3, the {/3 Wright-type modi- 
fied Schmidt system provides for the use 
of either a 70mm or 35mm camera. 
The focal length is 48 in. with a net focal 
ratio of f/3.75. The camera is placed 
90° from its usual position. It is as- 
sumed in this case that, as shown, the 
design of the camera will provide for a 
multiple-filier arrangement and an offset 
magazine which will not project beyond 
the front face of the camera. Focal- 
length amplification of 2 or 3 is possible 
by the use of negative lenses. Note that 
the overall tube length here is about 
30 in. less than the one for the modified 
Newtonian. 
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Fig. 6. Mitchell camera with timing housing installed. 


Figure 4 shows an off-axis Schmidt 
system, similar to one originally proposed 


by Clyde Tombaugh of White Sands 
Proving Ground. The net light-gather- 
ing focal ratio is {/2.66, but the equiva- 
lent main-system focal ratio is {/0.67. 
Provided the correcting plate can be 
properly made, this system can give 
approximately 5} times as much light- 
gathering power as the modified New- 
tonian system described earlier. 

These various optical systems, which 
may theoretically be used on the basic 
mount structure of this instrument, 
vary from a focal ratio of f/2§% to f/31. 
Actually, focal ratios of from f/6.3 to 
f/19 have been used in the modified 
Newtonian system. 

Figure 5 shows the standard Mitchell 
35mm high-speed camera with a 1000-ft 
magazine at the prime focus of the in- 
strument. Its usual operation is at 60 
frames /sec, using a variable-speed motor. 
Excellent results have been obtained 
with an exposure time of 1/2000 sec using 
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Tracking and Recording Instrument 


either Wratten No. 15 or No. 25 filters. 

It will be noted that here a standard 
35mm _ Fastax camera is attached to the 
under side of the main tube. For certain 
types of programs, this camera operates 
at 1000 frames/sec using a 4-in. or 6- 
in. focal-length lens to record such events 
as light flashes. This camera is usually 
started automatically by a pulse signal 
generated by a central timing station. 
This Fastax camera has also been used 
experimentally at the prime focus of the 
main optical system giving very satis- 
factory results. The frame rate was 
1300 frames/sec, using a Wratten No. 6 
filter. The exposure time here was 
about 1/5000 sec. 

Other camera arrangements are possi- 
ble with the modified Newtonian system. 
A standard television camera may be 
mounted on the same camera bracket. 
This has been accomplished experi- 
mentally by using a camera which is 
part of RCA field camera equipment, 
TK-30A equipped with a 2P23 image- 
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Fig. 7. Tilt of vertical axis of the 
multipurpose optical tracking and 
recording instrument. 


orthicon tube. The image was viewed 
on a camera-control unit using a 5-in. 
kinescope tube. Only a short period 
of experimentation was possible at the 
time. Deep-red filters were used, such 
as Wratten Nos. 70 and 87, resulting in 
good images over horizontal lines of 
sight approximately 5 miles long. Only 
a few still-camera shots were taken of the 
image on the kinescope screen. The 
height from the base of this camera to 
the optical axis is 9 in. In order to 
accommodate this height, the sloping 
camera bracket was moved toward the 
main mirror. 

In another experimental arrangement 
the Mitchell camera was mounted in its 
usual position together with a “pocket” 
oscilloscope. By the use of an auxiliary 
prism-and-lens assembly mounted on the 
camera door, the image of the scope 
signal was projected to a portion of the 
film which was receiving the telescope 
image of a plane in flight. By means ofa 
photosensitive surface placed at the focal 
plane of the objective lens at one of the 
guiding telescopes, an electrical signal 
was generated which was proportional to 
the tracking error when the plane was 
not in the center of the field. 
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8. Film sample from modified 
Newtonian system. 


Fig. 

Figure 6 shows the arrangement of a 
timing housing in the Mitchell camera 
by means of which timing marks are 
placed on the film record to externally 
synchronize the record. Two parallel 
channels of timing information appear 
on the film, 100 pips/sec and coded 
elapsed time, both coming from the 
central timing station. In this arrange- 
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ment, one of the existing sprocket guide 
units (the upper one) was modified to 
include a housing holding two GE 
Type NE51 neon bulbs. These lamps, 
before being pulsed, are kept ionized 
with a d-c voltage just short of the 
resulting glow fogging the film. The 
pulsing voltage is approximately 100 v. 

The design and construction of the 
basic mount provide sufficient accuracy 
to enable the instrument to be used as a 
cinetheodolite of moderate precision. 

It was noted previously that the ele- 
vation system, mounted in_ precision 
bearings and actuated by precision 
gears, showed a_ backlash of approxi- 
mately 26” of arc. Actual tests made 
showed that the maximum tilt of the 
horizontal axis during a rotation of 90° 
was 12” of arc. The elevation worm 
gear was manufactured with an accuracy 
of less than 15” runout in 180°. Some 
field tests made on the tooth error of the 
worm wheel of the elevation system 
show an error of approximately 10” of 
arc. 


The tilt of the vertical axis was meas- 
ured and is shown on the graph in Fig. 


7. It will be noted that the tilt is no 
more than +6” of arc. It is planned to 
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install in the azimuth system of the 
folded Newtonian telescope the same 
type of precision gear system as now 
exists in elevation and to install also an 
improved type of bearing. 

Data relative to the position of the 
instrument in azimuth and _ elevation 
will be placed on the film record by 
means of a coarse and fine precision 
selsyn system. They may also be 
recorded directly on magnetic tape or 
photographed with an auxiliary camera. 

Figure 8 shows several typical frames 
obtained with the modified Newtonian 
system. The slant range to the plane 
was approximately 5 miles, the frame 
rate was 60/sec, the exposure time was 
1/1440” and a Wratten No. 15 filter 
was used. 


Author’s Note 

Since the presentation of the paper in 
May 1953, motion-picture films were 
released to the public showing a Nike 
guided missile shooting down a plane. 
The film record was obtained by one of 
the instruments described herein, em- 
ploying the modified Newtonian system, 
and originally designated as the IGOR 
(Intercept Ground-based Optical Re- 
corder) Instrument. 
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75th Convention 


A solid program of 58 scheduled papers was 
developed by Program Chairman Joe 
Aiken. ‘This program was started during 
the Spring Convention in Chicago in 1952 
when John Frayne was made Chairman of 
a special committee to give historical em- 
phasis to the 75th Program. The twelve 
papers of a historical or tutorial type that 
resulted are now planned for publication in 
the Journal at the rate of one or two a 
month, after which they may be issued in a 
reprint volume. 

The Roster of Papers Presented at the Con- 
vention will be published in a later issue 
of the Journal. 

As forecast in detail in the March Jour- 
nal, the program was enriched by the show- 
ing of many old-time films made available 
through cooperation of the Library of Con- 
gress, the Academy of Motion Picture Arts 
and Sciences and the Motion Picture As- 
sociation. Jack McCullough was Chair- 
map for these film arrangements. 

During Convention week a special ex- 
hibit was open at the Smithsonian Institu- 
tion which has one of the world’s most im- 
portant collections of historic photographic 
and motion-picture equipment including 
some by Edison, Armat, Mutograph, 
Levinson, Jenkins, Ruhmer and Lauste. 
The Library of Congress also had a special 
exhibit commemorating Edison’s birth, 
showing much of Edison’s earliest docu- 
ments and motion-picture equipment. 

Keith Lewis, Local Arrangements Chair- 
man has reported: ‘*Preparations for the 
convention were started in November. 
Committees were formed in January and 
the chairmen began working out all plans 
well in advance of the meeting dates. I 
think they did an outstanding job and to all 
members of the committees, we should ex- 
tend the appreciation of the Society for 
what I think was a smoothly run conven- 
tion.” 

The Convention registrants were kept 
posted by a well laid out series of signs sup- 
plied by Byron Roudabush who also, as 
Hospitality Chairman, gave Society mem- 
bers welcome help for their Washington 
visit. 

Besides Jack Servies, Convention Vice- 
President, and other Society officers, those 
responsible were: 
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Program, Joseph E. Aiken 
Papers, W. H. Rivers, S. W. Athey, G. G. 
Graham, C. E. Heppberger and R. EF. 


Lovell 
High-Speed Photography, J. H. Waddell 
Local Arrangements, Keith B. Lewis, 
Byron Roudabush 
Registration and Information, Howland 


Pike, Theodore Braun, Edouard Conte, 
Philip M. Cowett, Fred W. Gerretson, 
James A. Moses, William Nagel 

Hotel Reservations and ‘Transportation, 
Henry M. Fisher, John V. Waller 

Hospitality, Byron Roudabush 

Public Address and Recording, Jack C. 


Greenfield, Garth Burleyson, Stuart 
Cadan, Richard Patton 
Projection, 35mm and 16mm, William 


Hecht, Wilson E. Gill, Ralph Grimes, 
Carl Markwith, Alfred S. Mueller, Tom 
Reed and William Youngs 
Motion Pictures, Jack McCullough 
Membership, Ray Gallo and Bill Reddick 
Publicity, Leonard Bidwell 
Ladies Program, Mrs. Jack C. Greenfield 
and Mrs. Keith B. Lewis 


The convention accounts were audited 
at Washington by C. E. ‘Bud’? McGowan 
of Stanley-Warner Theatres. 

Attendance at technical sessions averaged 
110 throughout the week. For the 16mm 
projection session on Wednesday afternoon 
and the laboratory-technical session on 
Thursday morning attendance averaged 
150. 

Total registration, weekly and daily, for 
the technical sessions totaled 549 com- 
pared with 860 at the previous Washington 
Convention. Compared with a_ Ladies 
Registration of 240 last time in Washington 
there were 105 registrants this time, though 
we are advised that a considerably higher 
number attended the reception at the 
White House on the basis of the pre-regis- 
tration reservations. 

On Monday noon about 200 gathered for 
luncheon and to enjoy an introduction to 
the Washington Convention by SMPTE 
President Barnett. 

The principal luncheon speaker was 
Wally Watts of RCA who skillfully re- 
viewed recent developments and their gen- 
eral potentialities for the industries, fore- 
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shadowing the impacts and applications to 
be described subsequent technical 
papers. 

On Tuesday evening 157 attended the 
Pioneers’ Dinner at the Columbia Country 
Club to honor 26 members who were mem- 
bers of the Society in 1924 or earlier. A 
complete report of these pioneer awards 
will appear in a later Journal. 

Instead of the usual Banquet and Dance, 
a Dinner-Dance was the feature entertain- 
ment, held on Thursday evening and at- 
tended by 203. 

Besides the reception by Mrs. Eisen- 
hower, the Ladies Program included a 
sightseeing trip to Broadcast House and 
National Cathedral, an evening at the 
Academia of the Motion Picture Associa- 
tion, and a trip to Arlington, Va., and 
Mount Vernon. 

Complimentary theater admissions were 
extended by RKO Keith, Stanley-Warner 
Metropolitan, Du Mont (Lopert), Loew’s 
Capitol, Loew’s Palace, Playhouse (Lo- 
pert) and Warner Theatre (Cinerama). 


Engineering Activities 


Eleven technical committees, listed below, 
held meetings in Washington, during the 
75th Convention, May 3-7, 1954. The 
minutes of these meetings are now being 
prepared for Committee circulation and 
copies will be made available to other in- 
terested parties upon written request. 
The highlights of these meetings will be 
reported in the next issue of the Journal. 

Color 

Film Dimensions 

Film-Projection Practice 

High-Speed Photography 

Laboratory Practice 

Screen Brightness 

16 & 8mm 

Sound 

Magnetic Recording Subcommittee 

Television 

Television Studio Lighting 

As reported in the April 1954 Journal, 

the Engineering Committee Manual, de- 
scribing committee procedures, processing 
of American Standards and the overall en- 
gineering operations, is now off the press. 
Copies have been distributed to all the 
technical committees and are also available 
upon request.—Henry Kogel, Staff Engineer. 


Board of Governors Meeting 


At the May 2 meeting, the Board thor- 
oughly reviewed current policies and plans, 
esnecially in relation to these critical finan- 
cial times for the Society. After discussion 
about the costs for services which the 
Society renders, decisions taken at the 
January Board Meeting (see details in the 
April Journal) were reaffirmed by a heavy 
majority. This bore particularly on the 
matter of advertising in the Journal, plans 
for which are to continue as announced in 
the April issue. Aside from offering adver- 
tising, the Board considered such revenue- 
raising measures as increasing membership 
fees. 

Convention plans firmly adopted include 
the 76th to be at the Los Angeles Ambassa- 
dor Hotel, October 18-22, 1954, the pro- 
gram to feature color and to include a 
motion-picture and television equipment 
exhibit; the 77th at the Hotel Drake in 
Chicago, April 18-22, 1955; and the 78th 
at the Lake Placid Club, October 3-7, 
1955. 

Revision of the Socicty’s Administrative 
Practices, under consideration for some 
time, was reported due for completion this 
vear. 


New Address 


Late this month the Society’s headquarters 
will be moved to 55 West 42nd St., New 
York 36, N.Y. The telephone number will 
not be changed. ‘The American Radiator 
and Standard Plumbing Co., owner of the 
40 West 40th St. building, is converting it 
to sole use by its own staff. The Society 
has been able to relocate at a more eco- 
nomical rental with substantially the same 
amount of space and in the same neighbor- 
hood which is convenient for travel, busi- 
ness and library facilities. 


The New Journal 


Beginning with the July issue the Journal 
will have a new format with the trim size 
increased to 8} X 11} in. and the number 
of columns three to the page. ‘The column 
widths and the basic typeface will be the 
same as in this issue. Binding will be by 
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saddle wiring, the simplest way of bind- 
ing, which will be particularly welcomed 
in view of difficulties with the May issue 
which was delayed a full week in binding 
after it was printed on schedule. 

Advertising will be published in the new 
Journal. The New Members column will 
be resumed in July. Otherwise the sub- 
stance and the policies of the Journal remain 
unchanged.—V.A. 


Obituary 


Fred Waller died on May 18 at his home 
at Huntington, L. I., at the age of 68. 

He left Polytechnic School in Brooklyn 
at the age of 14 and went to work in his 
father’s photographic studio. He entered 
the motion-picture field in 1905 as a lobby 
display creator. In 1918 he was operating 
a photo illustrating studio in New York 
and branched out to photographic title il- 
lustrations for silent movies. Famous 
Players-Lasky Corp., later Paramount, gave 
Waller the job of doing exclusive title illus- 
trations. In 1922 he was one of the 
founders of the Film Guild, Inc., an in- 
dependent motion-picture company which 
produced five features and three three-reel 
historical films. These were dramatically 
successful and financially a loss. 

In 1925 he rejoined Paramount as head 
of the special effects department. When 
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Paramount closed its Eastern studio, Waller 
became partner in a sales agency for motor 
boats, William H. Young & Company. 
Soon he had invented and produced the 
first water skis and personally tested them. 
From 1929 through 1936 he was with 
Paramount again to produce and direct 
235 one-reel short subjects. 

By 1937 he was interested in the New 
York World’s Fair. He designed the suc- 
cessful projection method for the inside of 
the Perisphere and he planned and executed 
the Hall of Color demonstration for the 
Eastman Kodak Co. At this time he 
was building his first model for the Cine- 
rama process but he failed to sell it to World’s 
Fair exhibitors who considered it too radi- 
cal. Out of this came the Waller Gunnery 
Trainer which used five combat films pro- 
jected on a hemispherical screen to train 
aerial gunners in simulated combat condi- 
tions. The trainer was credited by the 
Air Force as averting 350,000 casualties in 
training and combat. 

At the end of World War II, Waller 
opened a small research laboratory in 
Huntington, L.I., where he designed and 
built analyzing apparatus for the Air Force 
to determine the behavior of bullets fired 
from fast-moving airplanes. In 1946 he 
began the construction of the present 
Cinerama demonstration in Oyster Bay 
which was first shown operating in 1948. 
Since 1946 Waller had worked with 
Hazard Reeves, President of Reeves Sound- 
craft Corp., to develop stereo sound to ac- 
company the Cinerama picture. 

This Is Cinerama, which opened in New 
York nearly three years ago, has been a 
continuous success. ‘There are now instal- 
lations and exhibitions in 10 other cities. 
Although his gunnery trainer and Cine- 
rama were the most important type among 
his inventions, in addition to water skis 
and a photographic measurer of a man for 
a suit of clothes, he had many other inven- 
tions including an automatic photographic 
timer, a 360° camera and a wind velocity 
indicator. He was a Fellow of this Society 
and was the recipient of the Society's 
Progress Medal last year. Regrettably, 
he was unable to attend the Pioneers’ 
Dinner during the recent Convention, at 
which he was one of 26 pioneers honored as 
having been active since the early years of 
the Society. 
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CinemaScope Test Films 


As announced by CinemaScope Products, Inc., on December 15, 1953, the distribution 


of test films would be accomplished by that firm as a service until an authoritative in- 
dustry group could set up facilities to assure a continued supply. 

Through an agreement with CinemaScope Products, Inc., and by establishing pro- 
duction arrangements, the Society has accumulated a complete inventory of test films 


and has taken over their distribution. 
CinemaScope test films is: 


The list of these 35mm magnetic four-track 


Code Name Description Length, ft Price 

SL-1 Level Balance Test Film 1000 cps; 4 tracks simultaneously; sound 50 $16.00 
only 

MF-1 = Multifrequency Test Reel Various frequencies; 4 tracks simultane- 425 70.00 
ously; sound only (approx. ) 

LB-1 Loudspeaker Balance Reel Recording of identical speech and music 300 78.00 
on all 4 tracks, progressively in this order: (approx.) 
2, 1, 3 and 4 

ST-1 Stereophonic Test Reel Picture with stereophonic sound and 12 ke 330 78.00 
control signal. (approx. ) 

FL-1 Flutter Test Film 3000 cps; 4 tracks simultaneously; sound 50 18.75 
only 

LP-1 Loudspeaker Phasing Test Warble frequency ; tracks 1, 2 and 3 simul- 50 18.75 

Film taneously; sound only; crossover 400 or 

500 cps. Specify which frequency desired. 

AZ-1 Constant Level Test Film 8000 cps; azimuth check; 4 tracks simul- 50 11.50 
taneously; sound only 

Channel-Four Test film 12,000 cycles/1000 cycles; sound only 50 18.75 

Projector Alignment Chart Picture only 100 10.00 


All prices shown are net f.0.b, New York, except for the loudspeaker balance and stereo films which 


Employment Service 


These notices are published for the service of the 
membership and the field. They are inserted for 


three months, at no charge to the member. The 
Society’s address cannot be used for replies. 
Positions Wanted 

Motion-Picture Television Technician: 10 yr 


intensive skill and know-how related to 16-35mm 
cinematography, animation, recording (optical, 
tape, disk), editing, laboratory processing prac- 
tice (black-and-white, color); also kinescope re- 
cording techniques; self-reliant; inventive; relo- 
cate if required; write: CMC, c/o Penning, 
435 E. 74th St., New York 21, N.Y. 


Motion-Picture Producer-Director: Now em- 
ployed in charge of motion-picture production 
for leading oil company. 18 yrs experience in 
production, script, direction, motion-picture 


photography, editing, scoring and recording of 
industrial, sales training, educational, travel and 
Highly experienced 
Avail- 


theatrical motion pictures. 
in low budget productions for industry. 


are f.o.b. Hollywood; this price schedule effective May 12, 1954. 


able in near future; employer has been notified 
of desire for change to better position. Address 
inquiries to: A. P. Tyler, Box 2180, Houston, 
Tex. 


Motion-Picture Cameraman: Wants position 
assisting editor or with production crew. Col- 
lege graduate, film production major, production 
experience prior to entering Service. Army 
cameraman for 2 yr in Arctic. Separation from 
Army July 16, 1954. Will consider temporary 
position and/or travel. Write Elliott H. Butler, 
470 Audubon Ave., New York 33. 


Motion-Picture Cameraman, Film Editor: 15 
yrs experience all phases of motion-picture work, 
including research; 3 yrs TV film operations. 
Developer of Panoramascope wide-screen mo- 
tion-picture system. Active Member of SMPTE. 
Desires position with industrial or educational 
film producer as first cameraman or film editor. 
Wire: Frank E. Sherry, Jr., 207 West Rusk St., 
Tyler, Tex. 


Photographic Engineer: M.A.; age, 28. De- 
sires challenging, responsible position where tech- 
nical knowledge and ingenuity will be fully 
utilized; 8 yrs diversified experience pertaining 
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to the photographic process, with particular 
emphasis on photographic instrumentation for 
data recording. Background includes a _ thor- 
ough working knowledge of electronics, the 
graphic arts, color, machine-shop practice, high- 
speed photography, etc. Presently engaged as a 
senior member of a well-known industrial re- 
search organization where all kinds of photo- 
graphic techniques are used as research and 
service tools. Willing to relocate. Write: 
P.O. Box 259, New York 36. 


Cameraman and special effects producer: 
For news, educational or advertising films; tech- 
nical and musical education; camera and 35mm 
film strip and color development experience. 
Write: Vitold Bredshnyder, 812 N. Monroe St., 
Monroe, Mich. 


Positions Available 


Motion-Picture Sound Mixer (male), GS-10: 
Require 5} yr experiencein sound mixing for radio, 
disk recording and motion-picture production, of 
which at least 3 yr must have been in mixing 
for motion-picture production, include experi- 
ence with live dialogue, narration, music, sound 
effects, lip synchronization and re-recordings. 
$5500/yr. Obtain Form SF 57 at any first class 
Post Office or Government Agency; forward or 
deliver completed to Civilian Personnel Div., 
Signal Corps Pictorial Center, 35-11 35 Ave., 
Long Island City, N.Y. 


Motion-Picture Asst. Director (male), GS-10: 
Require 54 yr progressively responsible experi- 


ence in motion pictures, theatrical, television 
broadcast or radio broadcast production which 
has demonstrated the ability to perform in this 
position. Included in general experience must 
be at least 2} yr experience as a first assistant 
director in motion-picture production. $5500/ 
yr. Obtain Form SF 57 at any first class Post 
Office or Government Agency ; forward or deliver 
completed to Civilian Personnel Div., Signal 
Corps Pictorial Center, 35-11 35 Ave., Long 
Island City, N.Y. 


Photographer (Motion-Picture Animation), 
GS-9: Require 5 yr experience in photography, 
4 yr of it as animation photographer in produc- 
tion of cel animation work in motion-picture 
production. Also included must be at least 1 yr 
in technical animation photography. $5060/yr. 
Obtain Form SF 57 at any first class Post Office 
or Government Agency; forward or deliver com- 
pleted to Civilian Personnel Div., Signal Corps 
Pictorial Center, 35-11 35 Ave., Long Island 
City, N.Y. 

Chicago Film Studio needs man to take charge 
stop-motion and animation dept. Must be ex- 
perienced, able to direct title and animation 
cameramen, Write giving experience and salary 
desired. Filmack Corp., 1327 S. Wabash Ave., 
Chicago 5, Tl. 
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Permanent Employment: Open for mechanical 
engineers or physicists with at least 1 yr optics 
experience. Knowledge of camera mechanism, 
auxiliary timing apparatus and control equip- 
ment, precision camera mounts, photography 
and a general overall knowledge of fundamental 
optics highly desirable. Positions are located 
near Cocoa, Fla., at RCA Missile Test Project. 
Send completed résumés or requests for applica- 
tions to Harold D. Storz, Employment Sec., 
RCA Service Co., Box 11, O M U, Patrick AFB, 
Fla. 


Meetings 


American Physical Society, July 7-10, Uni- 
versity of Washington, Seattle, Wash. 

National Audio-Visual Convention and Trade 
Show, Aug. 1-4, Conrad Hilton Hotel, Chi- 
cago. 

University Film Producers Association, Annual 
Meeting, Aug. 16-20, Ohio State University, 
Columbus, Ohio. 

Biological Photographic Association, Annual 
Meeting, Aug. 25-27, Chalfonte-Haddon Hall, 
Aulantic City. 

Illuminating Engineering Society, National 
Technical Conference, Sept. 12-16, Chalfonte- 
Haddon Hall, Atlantic City, N.J. 

2d International Symposium on High-Speed 
Photography, Paris, September 22-28, 1954. 
Arranged by the Association Francaise des 
Ingénieurs et Techniciens du Cinéma. Appli- 
cations or inquiries should be addressed to the 
Secretary of the Organizing Committee, P. 
Naslin, Laboratoire Central de l’Armement, 
Fort de Montrouge, Arceuil (Seine), France. 

National Electronics Conference, Tenth Annual 
Conference, Oct. 4-6, Hotel Sherman, Chicago. 

Photographic Society of America, Annual Meet- 
ing, Oct. 5-9, Drake Hotel, Chicago, Ll. 

American Institute of Electrical Engineers, Fall 
General Meeting, Oct. 11-15, Chicago, III. 

76th Semiannual Convention of the SMPTE, 
Oct. 18-22, Ambassador Hotel, Los Angeles 

77th Semiannual Convention of the SMPTE, 
Apr. 17-22, 1955 (next year), Drake Hotel, 
Chicago 

The International Commission on Iumination 
is to hold its next international conference in 
Zurich, Switzerland, June 13-22, 1955 (next 
year). Offers of papers should be addressed to 
the Chairman of the Papers Committee (A. A. 
Brainerd), 1015 Chestnut St., Philadelphia 7. 
Manuscripts must be in the hands of the Cen- 
tral Bureau between Oct. 1 and Dec. 31, 1954. 

78th Semiannual Convention of the SMPTE, 
Oct. 3-7, 1955 (next year), Lake Placid Club, 
Essex County, N.Y. 

Photographic Society of America, 1955 Conven- 
tion, Oct. 5-8, 1955, Sheraton-Plaza Hotel, 
Boston, Mass. 
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